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2 (54) Title: THERAPEUTIC PROPERTIES OF OILS 

(57) Abstract: The present invention provides a novel scientific approach to determine whether a compound has anti-inflammatory 
^ activity. In particular, the novel assays allow the screening of compounds for the purposes of prophylactic and therapeutic use in 

treating or ameliorating the symptoms of T-cell, macrophage or neutrophil mediated diseases in mammals. In particular, the invention 
2 is based on the measurement of the capacity of a substance being an oil or fat, an alcoholic extract of an oil or fat, a biologically active 

component of an oil or a fat, or a preparation comprising an oil or fat, to suppress the activity of T-cells, macrophages or neutrophils 
^ in humans or animals in response to chemical and/or biological agents that activate these cell types. Measurements are made either 
^ in vivo (eg in mice) or in an in vitro preparation of human T-cells, macrophages or neutrophils or a cell line derived therefrom. The 
1^ substance is, in particular, emu oil or an ethanolic extract thereof. Therapeutic compositions and methods are also disclosed. 
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THERAPEUTIC PROPERTIES OF OILS 
BACKGROUND OP THE INVENTION 

The inuxiiuie system plays a critical role in the prevention of disease and the 
maintenance of health. 

ni;pnimshed immune function, as ooctirs in lihe aged/ in children tinder the age of 
two years/ and in bums patients^ as well as patients undergoing chemotherapy or 
transplantatian/ can increase the risk of disease. 

On the other hand, inappropriate or excessive response of the immune system to 
infective agents or various str^ors can result in tissue damage. Accordingly, 
autoimmxme and allergic inflammatory disease continue to be a major burden to 
tile commimity . These diseases result firom the "inappropriate" stimulation of 
letdcocyte? of the immtme sjrstenvr which indude lymphocytes, macrophages and 
neutrophib- For example, chronic mvmune system activation can increase the risk, 
of disease^ eg arthritis^ cystic fibrosis, inflammatory bowel disease^ Crohn's disease, 
graft versus host disease, multiple sclerosis (MS), systemic sclerosiS;. allergic contact 
dMtnatitis, psoriasis and diabetes. The main approaches to treating these diseases 
are to duress the immunological reactions by inhibiting a variety of responses ot 
leukocytes (1). 

Thexe are numerous rq>Qrts showing that animal and plant fats and oils have 
therapeutic properties throu^ their ability to modulate immune function; eg fish 
oils, flaxseed oil, linseed oil, borage oil, emu oil and evening primrose oil 

The Australian aboriginal practice of external qjplication of emu oil for treating 
aches and pains has provided anecdotal evidence for the anti*infiammatoty 
properties of this oil (23). However, conclusive sdentiflc evidence for tiie in vho 

efacacy of anti-inflammatory properties of emu oil is laddng, witii only liftdted 
studies in e^qperimental artiiritis in rodents having been conducted tiius far (45). 
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K is well appreciated in tiie emu oil industry that the anti-inflainmatoiy efficacy of 
different preparaticms of earn oil varies significarvfly. This variation can be so 
significant ^lat it haxnpeis tine therapeutic use of tiiis oil (6) and hence its. 
oonimerdal value. At -^inoinent, no standard protocols axe followed in the 
farming or source of eoui, llie part of the bird from 

method of preparatian or storage of emu oil (7). In fact^ there are conflicting data on 
the therapeutic efficacy of different emu and other oils and there appear to be at 
least two reasons for this. 

Hrstly, most animal fats and cdte are complex mixtures with highly variable 
diexnical con^osiiions. The individual coo^onents almost certainlyltave different 
effects on immune function and may^ in addition, inhfli»t the activities of other 
components or even synergise with eadi other. 

Secondly, the immune ^stem is made up of a number of different cell types. each 
wititi highly specific roles and not all of which respond in the same way to fats and 
oils. Optimum activity of an oil is therefore dependent on H\e condition beir^ 
treated, as Ihe oeU types each have defined roles. 

Furfhecmorey conresnt scientific assays and tests on the efficacy of oils have 
presented conflicting results. The inabrility to quality control and standardise ihe cmI 
for anti-inflammatory properties has posed a major limitaticm to the use of emu <m1 
as a liter^peutic agent. Variations in these factors can, in part, contribute to 
variations in tfie efficacy of the odl and have prevented its Mse in humans as a 
phaxmaceuti(^ agent, more particularly as a treatment for inflammatory diseases, 
conditions or responses. 

A accurate assessxnent of the immunosuppr^eive activity prior to therapeutic use 
would greatly increase the consistency arul reprodudbiEty of treatment with a 
particular oil, as wdl as providing a means of increasing its therapeutic activity. 
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Unfortunately, the prior art is laddng in methods of assessing the likely therapeutic 
activity of an oil sample. 

The present inventors have developed a xwetihod of measuring the intrittsic capacity 
of an oil to suppress the ixxunune system of humaxks and animals. The method also 
allows the testing of the level of thec^eutic activity of an oil, thereby enabling 
differentiation between oil samples of low and hig^i iherapeudc activity, and 
enabling oib to be graded for their therapeutic activity. 

SUMMARY or THE INVENTION 

According to one aspect, the present invention overcomes or reduces at least some 
of the above-mentioned problems by providing a novel sdentific approadi to 
accurately determine whether a ooirqpound has anti-inflammatory activity. In 
particular, the novel assays sSSow the scceening of cooqpounds for the purposes of . 
prophylactic and therapeutic use in treating or ameliorating the symptoms of T-cdl, 
macrophage or neutrophil mediated diseases in mammals. 

In particular, the invention is based on Ihe measurement of the capacity of an oil or. 
fet, aloohoUc ejctracts of an oil or f af> biologically active components of an oil or a 
fet, or preparations compri^ng oOb or fats, to suppress the activity of T-oells, 
macrophages or neutrophils in humans or animals in response to chemica and/or 
blolo^cal agents that activate these cell types. Measurements are made either in 
mice (ie in vivo) or in human T-<ells, macrophages or neutrophils isolated from 
blood. The method can be used to quaniaty fhe total T-cell^ macrophage and/or 
neutrophil suppressive activities per unit mass or volume in any oil or fat and the 
degree of siqypression of T-cdl, macrophage or neutrophil responses by an oil or 
fat. 

Using a model representative of a dwmic inflammatory reaction (the delayed type 
hypersensitivity (DTH) reaction), emu oil was found to inhibit T lymphocytes and . 
macrophage recruitment to the site of inflammation. 
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Emu oil was also foimd to significantly suppress the aatte inflainmatory resporae 
induced by Carmgeenan reaction. Alcoholic, and fai particular etiianoUc, soluble 
fractions of envu oil were found to inhibit the ability of neutrophils to adhere to 
endothelial cells, but in particular were found to substantially suppress the 
chetnotactic response of neutrophils. 

The effects of emu oil and its etltanol solvible coo^ponente on T-cell, macrophage 
and neutrophil chemotaxis and recruitment indicate that both emu oil and its 
ethanol soluble components are useful for treating acute and chronic inflammatory 
reactions. 

After dissolving emu oil in ethanol^ tiie soluble fraction of emu aSl (containing 
primarily triglycerides) was found tp have anti-inflanttnatory properties and 
contradicts the earlier belief that emu oil by itself does not have anti-inflarnmatory 
properties. The iiwaators have condusively shown that the ethanol soluble fraction 
of the emu oil suppresses T-lymphocyte activity in that it suppresses both 
lymphoproliferation and also the production of pro-inflammatory and pro-DTH 
cytoldtaes sudi as interleuldn-2, lymphotoodn and inteariferon-or. These activities of T- 
lymphocytes play fundamental roles in inflammation. FurUifif fractionation of the 
ethanol soluble fractiort showed that certain components contributed to anti- 
inflammatory activity, whilst otivers suppressed anti-inflaBcimatoay activity. 

The inventors also found that the cfflcacy of the anti-inflammatory properties of the 
emu oil was dependent on the temperature at which the oU was rendered from emu 
fat Activity was found wi«\ oils rendered at teirq>erature8 of 60^0 and 80'C and 
ever better activity witii oils rendered at 100»C. However, preparations prepared at 
40''C had minimal activity. 

According to a first aspect of the invention^ there is provided an assay system for 
testing samples of substances (such as emu oils and other oils) to assess, in a 
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Standardized maimer, the axdi-ixiflannnatDxy activity of eaich sample, and to enable 
different samples to be graded intenns of anti-inflainxnatory activity (if any). 

The assay system way involve administration of serially reducing amonnts of the 
test substance (eg serially diluted in eJlianol) to test animals (eg mice). 
Administration may be by ir^ection (eg into the footpad), or be intraperitoneal, 
topical ctf oral administration. 

In one embodiment of the invention, flie assay system comprises assessing the anti- 
inflammatory activity of a compound or composition, herein referred to as the test 
substance, by 

(i) ii^ection of a suitable antigen into an appropriate body part (eg footpad) of a 
mammal, for example a mouse; 

(ii) eititier ii^ection of a predctetinined amoimt of said test substance into fte 
same body part, or topical application to said mammal of a predetermined amount 
of said substance; 

(iii) measurement of &e degree to wHch swelling whidi would otherwise result 
from ii^ection of said antigen is induced or aHeviated, for example in either tiie 
footpad or the immune system organs (eg lym|* nodes); and 

(iv) comparing the activity of said test substance, as measured in step (iii), 
against the activity of a standard compound having Isnown anti-inflammatory 
characteristics, the activity of said standard compound having been measured by 
this same as&ay system of steps (i) to (iii), and having been used to generate a 
grading S3retem to compare the efficacy of various teat substances. 

The antigen may, for example, be Carrageenan or sheep red blood cdls (SRBC), and 
the test substance may be an emu oil or ofher oil believed to have anti- 
inflammatory activity.. 
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In step (i)^ it is preferred that the antigen is injected either intraperitoneally or into 
the footpad or ear of a mouse. In step (ii)/ it is preferred liiat the test substance is 
ir^ected intraperitoneally or appUed topically. 

The measuretnient of step (iii) is preferably tmdoiaken some time, and in particular 
about 24 hours, after injection of Hie test substance (step (ii)). 

An alternative, in vitro assay system for testing a substance so as to assessy in a 
standardised manner, its antt-inflammatory activity comprises: 

(i) measurement of the activity of an in vitro preparation of T-«Ils, 
macrophages or neutrophils, or a cell line derived Iherefrom; 

(ii) addition of said stibstance to said preparation of T-oells, macrophages or 
neutrophils/ or said cell line derived therefrom; 

(iii) measurement of the change in activity of said preparation of T-cells, 
macrophages or neurophils, cmt said aSl line derived therefrom, following addition 
of said substance in step (ii); and 

(iv) comparing the diaiige in activity (as measured in step (iti))f^^ 
substance against the change in activity for a standard compound having knoivn 
antx-inflammatory ciiaracteristics, the change in activity for the standard compoxmd 
having been measured by this same assay system of steps (i) to (iii),. and having 
been used to generate a grading ^rstem to compare the efficacy of various test 
substances. 

This in vitro a&jsay system may involve treating the preparation of T-lymphocytes, 
macrophages or neutrophils, or said cell line derived therefrom, with serially 
redudng amovmts of 'ih.e test substance, eg serially diluted in ethanoL 
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This assay system a means for assessing the effect of the oil being tested on the 
cell (eg T-<«11, macrophage or neutrophil) mediated immune response elicited by an • 
antigen, and hence assessing ite anti-inflaftunalory activity. 

Ihfi following are exaxnples of thelypes oiinvitro assays which can be carried out, 
according to this assay system: 

(a) using a preparation of T lymphocyte, and measuring lymphoproliferation; 

(b) using a preparation of T lymphocytes, and measuring their production of 
cytokines, such as interleuldn-2 (n^2), tumor i\ecro$is factors (egTNF a and 
lymphotoxin (TNF ?)) and inter £eronY(IIN-T(); 

(c) usit^ a preparation of neutrophils, and ineasuring ttwar chi^otatic actlvi^; 
and 

(d) using a preparation of neutrt^hils, and xneasuring thefar adherence to 
endothelial cells* 

T^n« play a major role in the tissue damage in various diseases, largely through 
thdx production of cytokines. Cytokines (such as TNF o& and IL-2) produced by 
T^zdOs ar e believed to contribute to the tissue damage resulting from abnormal 
immune function* 

The use of therapeutic agents, preferably agents that are not toxic, to inhibit the 
production of qrt:okines by T-cells would be particularly useful in the treatment of 
tissue damage^r particularly those mediated by T-cells- 

Prior art agents used to treat T-cell mediated diseases are cillicr toxic or have 
considerable systemic effects. 

The present inventors have developed a method of treating or preventing tissue 
damage using (in particular) emu oil, a non-to?dc material produced from the 
adipose tissue of emus. The inventors have developed a mettiod of increasing the 
activity of Uie emu oil used for this purpose, thereby ensuring reliability and 
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coi\sistextqr of the product and,, jcnoreover, have found that penneants (substances ' 
used to increase Ihe movement of diemical aubstances through the skin) are not 
required for activity. The invenbors have also found that an akoJioUc extfract of ^u 
oiOl so produGed is also effective in treating T-cell mediated diseases. 

The invention also relies on the discovery that exrai oil, and alcohoKc extracts of 
emu and other oils, are able to suppress the activity of T-c^h^ being cell types that 
contribute to the tissue damage in a variety of human diseases. The invention 
involves tiie use of emu and other oils, as well as extracts thereof, to treat these 
different disease states by preventing or reducing ti\e damage caused by T-cells. 
Ihe use of emu oil has a further advantage in that it can also reduce the tissue 
damage caused by another important immune cell type, the neutrqphEL 

Iheref ore, according to a second aspect of the invention, there is provided a 
compoatlon comprising emu oil, or a biologically active e>ctract or component 
thereof, optionally together with a carrier vehicle, for treating or ameliorating the 
symptoms of T-cell mediated disease or conditions or neutrophil mediated 
diseases or conditions in mammals. E>camples of the diseases or conditions include* 
immune coirq>l€X disease, renal disease, nephritis, arthritis (eg rheumatoid arthritis 
or septic arthritis), glomerulitis, vasculitis, gout, urticaria^ angioedema^ 
cardiovascular disease, systemic lupus erythematosus^, breast pain/premenstrual 
syndrome, asthma, neurological disease, attention deficit disorder (ADD), psoriasis, 
retinal disease, acne, sepsis^ granulomatosis, inflammation, reperfusion injury, 
cystic fibrojsSs, adult respiratory distress syndrome, thermogenesis, diabetes, 
inflammatory bowel disease^ Crohn's disease, multiple sderosis (MS), systemic 
sderosis, osteoajihritis, atc^ic dermatitis, allwgic contact demiatitis/ graft r^ection 
(graft va:sus host disease) or transplantatioxu 

The composition can be in the form of an oral, injectable or topical composition. 
The biologically active extracts or components indude at least one of the following: 
triglyceride fractions or triglyceride fraction components, sterol fractions or sterol 
fraction components, phenolic fractions or phenolic fraction components, alkali- 



# 



wo 03/075003 



PCT/AU03/00266 



Stable fractions or aJDkaH^^ble fraction coxnpanmtS/ organic solvent extracts (eg of 
earn oil) or components thereof. In the preferred form, the organic solvent is 
e&ianoL 

According to.a third aspect of the inveniiony there is provided a niethod of treating 
or ameUoratirvgthesytnptomsofT<«U . . 

neutrophil mediated diseases or conditions in xxuamnals, the method comprisixtg 
adnunjstexing an effective dose of a composition comprising emu oil^ or a 
biologically active extract or component thereof (eg as exemplified above)* 

The composition can be administered orally, par enterally (eg by ii^ecHon) or 
topically. 

It is preferred that said effective dose of said con^osition be administered after Ojl 
Just before a T-cell mediated disease or conditiozv neutrophil mediated disease or * 
condition or inflammation reaction has occurred* 

In a fourth aspect of the invention^ an alcohol (such as ethanol), is xised to extract 
compounds having anti-inflammatory activity firom the emu oil or other 
biologlGally active oil or fat Altem^ve organic solvents which would paform the 
same function of solubilising and extracting ^fective compounds from the oil 
would be apparent to persons skilled in the arL 

Although emu oil is specifically exemplified, it is to be understood by tiiose skilled 
in the art that the assays, methods and compositions of the present invention can be 
applied to any substance or oil of which emu oil is but one example. Other suitable 
oils are, for example, other animal oil8;plant oils, such as tea tree oit flaxseed oil,, 
linseed oil, borage oil or evening primrose oil; fish oils; and algal, microbial and 
fungal oils. 

According to a fifth aspect of the invention, there is provided a metiiod of 
preparing or rendering emu oil for therapeutic tise in a mammal, including th^ step 
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of heating the emu oil, or the tissue hoxa whidi the emu oil is derived, to a 
tanperature of at least 40°C 

As used throughout the present spedfication and daimsy the term ^l3iologi<iaUy 
active'' refers to the capacity to elidt an anti-iziflarmxiatory response. 

DETAILED DESCRIFnON OF THE INVENTION 

The active ing;redient(s) in emu oil that is (are) responsible for the reported anti- 
inflammatory activity has (have) not been identified* Emu oil is composed mairily 
of triglycerides that contain varying ajcnounts of fatty adds (Table !)♦ The limited 
available data on the composition of emu oil suggest that the dear oil can vary 
markedly in terms of anti-oxidants (carotenoidS/ flavonoids), skin pemieation- 
^[ihandng factors and a-linolenic add (18:3033) (from 0-20%) (4) a>ntent. The 
finding that the oil is not rich in a& fotty adds makes it unlikely that the anti- 
inflammatory effect of -the oil is related to ooU fatty addS/ which are widely 
perceived as having anti-ii^flanunatory actions. A previous study has reported, as 
unpiiblished results, that the efficacy of emu oil as an anii-inflammatory agent did 
not correlate with co3 fatty add content (0.2-19.7%) of ttie oil (4). 

Tablet, Eatty add composition of emu oil 



COMPONENT 


AMOUNT 


Okie add (ia:l<ii9) 


47-58% 


P^liMitic add (16:0) 


19-24% 


Stearic add (18.-0) 


8-11% 


Lmoleic add (18:2ct)6) 


5^-17% 


Hracadecetuiic add (16:1cq7) 


3-6% 



A combination of Thin Layer Chromatography (TIC), Gas Chromatography (QC) 
and Gas Chromatography-Mass Spectroscopy (GC-MB) analyses dexnonstrated the 
presence of a wide range of fatty adds, sterols and phenols in emu oil preparations. 
From the TLC, it was evident that triacylglycerol is tiie major component and needs 
to be considered as one of the anti-infibammatory components of the oil since 
previous studies have shown that ^tty adds can inhibit inflammation. 
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Iti terms of ite phetioEc content, Makin emu oil was fotmd to have 25jm\ol/l whicK 
is about 20,fold less than the level of phenols in olive oil. Uvus^ it is unlilscely that 
this is the active anti^inflaminatoiy eleoient of emu oil mice olive oil has been . 
repotted not to have anti-inflaxnxnatoty properties (7) (also, our urqniblished 
observations). 

Sterol analyses revealed tiiat emu oil was similar to tuna oil but substantially 
different from olive oil^ with cholesterol nialdng up the major component of the 
emu oil sterob. The role of these substances in the anli*-iitiflamxnatory properties of 
emu oil was not evaluated. 

The fatly add composition of the oil was analysed independently by Ihree different 
groups using GC-MS, MS and GC. From these studies^ it was found that the major 
fatty adds are oleic (around 50%), palmitic (aroimd 20%), stearic (arotmd 10%), 
linoleic (around 10%) and palmitoldc (around 5%). These could be taken as the 
main ^tty add components of Australian emu oils. Ihe composition of oils 
prepared from emus in difiEerent geographical locations and probably prepared in 
different ways were not distinguishable based on the fatty add content analyses. 

Extensive studies using a standard emu oil (Makin) demonstrated that, when 
admlnistexed to mice, the oil coxisistently caxased depression of dtronlc and acute 
inflammation. For chronic ixtflammation, a standard delayed type hypersensitivity 
reaction (DTH),wMdi is induced and eHdted by SBBCantl^ The 
reaction was measured by monitoring the amount of hind footpad swelling as a 
result of an antigen challenge. Makin emu oil significantly inhifadtedthe elidtaticm 
of this inflammafpry response. %icetit\e cells involved are predominandy T 
lymphocytes and macrophages, an effect, dither dicccOy or indirectly, on the 
acciunvdatton of these cell types must have been caused by the administration of 
emu oil. The effects of emu oil were not restricted to chronic inflammation, since it 
was just as effective in depressing cacrageenan-^induced inflammation, cozisidered 



wo 03/075003 



PCT/AU03/00266 



12 

to be a moddl for te$tmg acute iiiflaminatlon and whidi priixiaxily involves 
neutrophil accumulation at the injected site. 

Using iliiB chronic ixiflain^^ different 
preparatioxts of emu cSL on this r ^onse w^e examined in an effort to e3q>la2n fhe 
reasons for variability in the efficaqr of the different preparations. Of the samples . 
of emu oil examined, Makin emu oil was the most effective. Toowoomba and little 
Meadow showed some anti-inflammatory activity, less was seen with emu oil A2- 
lOOG and none with emu oil G53. This could not be explained on the fatty add 
con^osition of the emu oil samples, ance these were essentially similar (Tables 5 
and 6 on pages 29 to 30). 

Examination of the characteristics of the depresMve efiSects of emu oil on 
inflammation showed that the oil was most efiEiective when given dose to or just 
after the antigOTi challenge. This was shown by the fact tliat fhe efficacy of the emu 
oil was greatest when ihe oil was given Ih before, rather than 5h before, challenge. 
A similar effect was shown using fhe carrageeiMnrinduced inflammation modeL It 
was also found that, when ihe emu oil tceafetnmt was delayed to 3h after the 
elidtation of the inflammatory response, the efficacy of ttie emu oil was 
significantly more effective ihan treatments given Ih before challenge. Firstly, this 
suggests that the oil acts quite rapidly on components of fhe immune system; 
secondly, this shows that inflammation can be controlled using suitably prepared 
emu oil even after an individual begins to experience inflammation. 

Rendering temperature was found to govern the efficacy ^d / or type of oils 
produced since emu oil extracted at 40°C was fotmd to be less active tilian when it 
was extracted at 60^, 80**C or lOO^'C No evidence was found in terms of fatty add 
composition 3by GC analysis between the oils produced at fhe latter ihree different 
temperatures since these were very similar in ontent, including title levels of 
linoleic add (18;2(o6) (see, for example. Table 11 on page 40)'. 
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To identify the companents in emu oil responsible for the anti-infLainxxiatoiy effecte/ 
the emu oil was added directly to cultured lymphocytes and neutrophils in order to. 
$ee if ihe activities of iiiese leukoc3rte$ would be altered. Ihe studies were 
unsuccessful because of the solubility problem of the oiL To overcome this 
probleixv tike oil was solubilised in ^hmiol and/ fblLowinjo; £ractionatioxv the 
compoxients having antl-wBammatory activity were identified (see Fig 28). The 
solubilised fraction had significant anti T lymphocyte activity/ Since T lymphocytes 
are the major cell which mediate the DTH reaction and chronic inflammatian, these 
results show that emu oil is able to suppress DTH activity, Chejtnical aAalysis of the 
ethaiiol fraction by GC did not reveal any enrichment of a particular fatiy add, 
altiKough there was, however, a sH^t inci:ea9e In the proportion of 18-.2eQ6, Thus, 
the ethanol soluble fraction may be a source fiiom which the active components can 
bjBiised to treat inflanunation, Interesting?.y, the anti Tcett activity in teans of 
inhibition of lymphoproliferation in the emu oil preparations rendered at 40''C, 
60^C and SCPC correlated with their m vivo activity with inhibition of DTH activity. 
The inventors have shown that, in botiti instances, rendering temperature of 
60''C<T£ lOO^C produces more efficacious oils tiian rendering at 40*^0 (Fig 15 <jf Fig 
17). 

Further evidence for an effect on the T cell responses was shown by examining the 
effects of the etiianol soluble emu oil fraction on the cytokine products produced by 
activated T lymphocytes, IL-2,lymphotoxin, TNF p and BPN-T' Production of these , 
cytokines was inhibited by pre-treating T lymphocytes with the solubilised emu oil 
fraction. The effects were extended to production of T^3F by monocytes via UPS 
stimulation- However, it was evident that the TceU production of <yt^^ 
more senMtive to epatu oil than TNF production by monoqrtes, showing a 
preferential effect of the ethanol soluble emu oil fraction for T lymphocyte 
responses, suggesting the T cell as a major target for emu oil therapy. 

The solubilised fraction of Makin emu oil was found to inhibit both chemotactic 
migration as well as adhesion of neutrophils to endothelial cells* Both of these 
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properties are key functions necessary for infiltration of neutrophils to sites of 
iaflaintnation. Neutrophil adherence was also affected when endothelial cells were . 
pre-treated with the solubiBsed fraction. The corobinafion of the effects of the 
solubilised fraction on the x^eutrophils and ^dotheHal cells would inhibit 
adherence of leukocytes to mdothdfialcdls in WTO. WMletiieeflBertOTViweutroplulp 
is not rdevant to DTH, it is hig^y relevant to caxrageenan indixced or acute 
inflanxtnation, where the neutrophil is thought to be a key player (9). 

The emu oil ethanol soluble fraction was found to be rich in free fatty adds (see 
Table 13 on page 45). Thus, one of the effects on T lymphocytes could involve fatty 
adds such as 18:2o56, The inventors' investigations established that serum fatty add 
binding proteins sudi as albumin can decrease the activity of free fatly adds by 
binding to them. Further ixivestigations were conducted as to whether or not serum 
could abrogate tiKe effects of a Makin emu oil ethanol extract, which had been 
rendered at 40''C, The addition of serum was found to block most of die antirT cell 
activity of ihis oil fraction and this would explain the discrepandes and variations 
in efficacy of emu oils to treat inflammation. 

On TLC separation of the ethanol soluble fraction (see Fig 27), several distinct 
bands were seen and at least one coixesponded to ^e xmgration of the lS*2aA 
whidi was shovm to be responsible for the majority of antl-T cdl activity: 
However, other fractions were also active, suggesting that several emu oil 
components might be resporxsible^ 

The data from the experimental section below have revealed avenues which could 
be used to standardise emu oil, particularly for its anti-inflammatory activity. The 
resullB indirate that mice may be used as models of testing systems for dironic 
(DTH) and acute (caxrageawn) inflammatcwy diseases- These represent single 
systems in whidx inflammation can be readily quantified- To decrease variabilis, 
an ip route rather than topical emu oil administration is used. It has been 
established that Ihe efficacy of an emu oil preparation may be deterauned by 
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establishing titie extent to which tihe preparation can be diluted before anti- 
inflammatory activity is lost. In tius system of standardisation^ an established, 
active emu oU can be used as a standard against whidi other emu oils maybe 
tested^ A criterion for accepting or r^ecting emu oil preparations can then be 
established for l3ie industry- The standard can be based on ihe optimal rendexing 
conditions^ as well as storage of oils, feed for emus, breed of emu etc (Table 2), Oil 
prepared at KXTC was found to have the highest antiriii0amxtiatory activity, whilst 
oil prepared at 40*^ had minimal activity. 

Furthermore, the inventors found that the anti-inflammatory activity of emu oil 
was strcmgest when administered after Inftammation had occurred. Also, the 
inventors found that administration of the emu oil Ih prior to inflamxAationhas 
better anii-inflanunatory efiBcacy than if Ihe ofl is administered 3GK prior to 
inflammation. 
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Table 2 PREPARATION OF EMU OIL (potential causes of variabilitv) 

CollecUonof fat 

Age of animal 
Diet 
Genetics 
Sex 

Length of time after deadi of Ibe ardmal 
Stoicage conditions of collected fot 
Lipase/phospholipase/lipo^grgetiase activity 
Non-enzymic oxidation 

Rendering 

Temperature of rendering 
Type of container used 
Amount of water 
Surface area 

length of rendering time 

Filtration 

Temperature of filtration 
Type of filter 
Water in the filtrate 
Metal content 
Protein content 
Variable aystallisation 

Possible products formed during the processing of emu fat 
Oxidation products of fatty adds 
Free fatty adds 
liysophospholipids 
Conjugated lixioleic add 
Tran5 isomers 
Diglycetides 
Monoglycerides 

Oxidation products of cholesterol 



It is preferable to extend the testing by conducting in vitro assays to support the 
data from the in OTwdironic and acute irtElaxmnationrea This is particularly 
important before the oils can be commerdaJly used. Thus^ effect on T iyixq>hocyte 
and monocyte function for chronic, and neutrophil function for acute/ inflammation 
can be employed Amodeli$i]l\isfcratedinHg2. 
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Both for the DTH and carrageenan mflatrwiatoiy respojise^ a rdaticxifiMp can then 
be established for tihe amount of oil versus the degree of inhibition of inflammation. 

From the graph of Fig 1, the emu oil concentration required to achieve 25% 
inWHiiofn (TOzs) of the mflanunatory responses can be deduced. Fro^ 
tire anti^nflammatoiy power of the oil can be dele^ The values may be 
computed for both acute and chronic itrflammation, where they may be different 

The above axiH-^inflammAtory eiEficacy values can be corroborated by data xising the 
ethanol soluble fraction of the oil, exainiidng an effect on T lymphocyte function 
and neutrophil function* Two useful parameters are lymphoproliferation for T 
Ij^phocytes and dhemotaxis for neutrophils for chronic and acute inflammation 
respectively. Similar IRze and maximal inhibition values based on these parameters 
can be computed as discussed above. 

Based on the effects of emu oil on T lymphocyte and macrophage responses, as wdl 
as neutrophil responses, tihe tihierapeniic potential is apparent for 
diseases/conditions summarised in Table 3. The targets in the treatment of these 
inflammatory diseases are outlined, specifically those which are critical and are 
targeted by emu oil. The targets of emu oil have been further expanded JnFig2l/ 
which shows the eventewHch lead to joint damage in rhem The T 

cells and macrophages, as well as neutrophils, are targeted and ^ther prevented 
from migrating into the tissue and/or prevented from being activated to generate 
tissue destructive xxiediating cytokines* 
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Table 3 Therapeuiic target f oi: emu oil and the respective disease 

CONDinONi^ISEASE TARGETS RmJBVA^^' TO EilU OIL THB^^ 

Cardiovascular diseases Endatlielialcelld, macrophages 

Sheujuatoid arfhritis Tcdla^tnaxxophagea and neutrophils. 

Atopic dennatttjs Tcelte,inteifieronY 

Inflaimn^tory bowel disease T callS/ maccophages, neutr^^hilsr 

Syeiexnich^puseEythexnatosus T cells and niacrophages 

Afittuna Tcelb, macrophages^ rxeutrophiHcytokim 

Cystic fibrosis Macrophages and neuirpphito 

Breast pain/premensbrual ayndrome Oedezna 

TraxiaplaniatiLcai T cells, qytoldniea 

Neurological diseases T macrophage 

P&oriaab T lymp^vocfies, interferon y 

Diabetes renat retinal and cardiovascular coocnplications Endo^elial ceUs/ macrophages, neutrophils 

Gout Neutrophils 

Acute respiratory distress syndrome Neutrophils^ cytokirues 

Acne Neutrophils, qrtoldnes 

Septlt arthritic NeuirophilSj, cyloldnes 

Rgperfusion ixyjury Neutophils^ {ytojkines 

In stunniary; the data herein has shown the coxnplexily of the compQSltiotL of earn 
oil/ iri which the fetty add ccmtexit was studied In detail. There are no xmjor 
differences in the levels of the various fetty add spedes in distinctly different 
preparations/ in terms of geography, feed, rendering and storage. Neverfiheless; 
there is a marked difference in llie ability to depress inflammation. Using a freshly 
prepared standardised emu oil preparation (Makin), the anti-inflannmatory 
properties of emu oil were te$t3ed/ induonic and acute in vivo and in miro 
inflarramtlan xnodels. Some evidence points to at least soxne of the activity being 
due to an unsaturated fatty add, 182oci6, but the study had demonstrated lihe 
difficulty in trying to identify what gives rise to the anti-inflammatory properties. 
Be that as it may, ihe inflammatory models developed can be used to standardise 
the anti-iriflammatory activity of emu oil, which would seem to be a prerequisite 
for developing a viable industry, using quality-controlled Australian oils. 



Materials and Methods' 
Emu oils 

Details of the emu oils used in the study are outlined in Table 4- Hie emu oils were 
kept frozen at ^20^C in aliquots. 
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Table 4 I>e5CtSpHim ol tlie d]f£e9Qeiii]p!i[^^ oilsixsedili^ jp«e9ent5ttt43r 







Age of on 


Ag^Oiftiiidsat 


Feed 




Back fat <&40C 


Zroonlihs 


1-15 TOOnfihs old 


Feed lot DMX 


G53 


Gut£at@4aC 






Gtainfed&; 
tax^ 


A2-1CJ0G 




4y«a;ts 


5-0 years old 


Gcainfed& 
<aiis&a 


Toowoomba 


Back^@40C 


^years 


2-<3ye3fSoM 


Gftdn£ad& 
jfariRE 


little Msadtm 


10^ 






jaii^ ft 




liidounvn 


lyear 


l-lfixDOEdikSoild 


FeucmedtGceen 
do vei9/ w^eda &c 
grasses, XKkiEed 
l^axK^/ tdtteal^ 
Tuli^&}uoeme« 
canoladl 


BackFatA 


Badk£atzendemi$ 

t^xnp&cature 

imkcunvn 


lyear 


l-ldmoniSisold 


GiitFatB 


Gutfaticeicvietinj; 


lyear 




BaiJcFatB 


Back £at £endei?cng 
tesiTpcrature 


lyear 


1-15 taonte old 


CosnnEEi&Ecicdi 


Xlnfcaown 


IWsnowci 


Unknown 


Xlinknowxi 



1. Frepaiiation of ethanol soluble/insoltible jEracdoxis 

To obtain the ethanol soluble fractxotv 2ird of emu oil was cciixed willi Iml of 
efhaxtol, centrifuged at 2^00g/3 iran/4*^C and llie upper phase collected. The 
extraction procedure was repeated three times on the lower phase* These ethanol 
soluble fracilons were pooled, centrifuged and dried under N2 gas stream. 
Eventuallyy stocks of 2iiil volvune were made for e^qperiments; also, the ethanol 
insoluble fraction (EIP) remaining was retained as a rich source of triglyceride. 

2. Fatly add analyses 

2.1 Thin layer Ghromatograpby 

Up to Img emu oil in 2(Mj0^1 diloroform-^metlianol (4:1) was applied as a Icm band 
to title edge of a TLC plate. linoleic add (182) was applied as a standard in a 0^ 
cm band to one side of the test sample. The chromatogram was developed in 
hexane-ether-aoetic add (80:20:1) and dried in the fume hood. The zones were 
viewed by exposure to I2 vapour or sprayed Kghtiy with 18N H2SO4 and diarred at 
ISO^C Larger amounts of Maldn emu oil were dissolved in chloroform-metihanor 
(4:1), and aliquots of the solution (equivalent to 5 mg of oil) were applied as a 6-7 
cm band to a silica thin layer plate. An equivalent amount of olive oil dissolved in 
the same solvent mixtiire was applied to ttie plate as a &-7cmband and served as a 
control. An unestetified fatty add standard was applied to the edges of the plats. 




m 
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A chromatogram was devdloped in hexane-ether-acetic add (80:20:1) and, after 
drying, the plate was exposed to iodine yapoux« 

2JL NMR analysis 

ThiswaspeffoiDMdbyEtN«Trout,il^ Toadry£Iaak(5xnl) was 

added 100-120 mg of the thawed emu oil (shaken thoroughly)/ which was dissolved 
in dry toluene (1-1.2 ml). To this was added a freshly prepared solution of sodium 
methoxide (75mg Na in methanol (2ml)) under N2- The resulting mixture was 
placed under reflux for ninety minutes^ before cooling and adding acetic add 
(lOOjil) and water (ZSmL). The wMteniiixture was extradted with he>^^ 
before the layers were dried over NaaSO^, filtered and the volatiles removed in 
vacuo^ ^^C and I^^IMR snieasuremesnts were recorded on a Varian GeminlFT 300 
MHz mtdtinudear spectrometer, operating at 75 A6 MHz and 300.75 MHz 
respectively* All samples were dissolved in deuterated chloroform, using the 
central peak (77.0ppm) for ^ and CHCb (7^6 ppm) for NMR referencing. To a 
NMR tube was added 75-100 mg of the emu oil followed by deuterated CDCI3 
(0*8ml). The resulting solution was axialysed by NMR. After one hour of pulsing, 
the spectrum was printed to show all the signals indicative of a trigfycedde, 

23 GC Analyses 

ChUd HeaWt Rssearch htstHute (Dr. K Gibson/Mr. M. Neummn}One drop of emtl oil 
was methylated in 5 xnl of 1% stilphuric add (36N) in methanol for 2 hours at 70^ . 
After cooling, the resulting methyl esters were extraded into 2 ml of n-heptane and 
transferred to vials containing axthydrous sodium svdphate as the dehydrating 
agent. Emu oil fatty addmetibyl esters were separated and quantified using a 
Hewlett-Packard 6890 gas duromatogr^h equipped with a 50m capillary colimm 
(0.33mm ID) coated with BPX-70 (0^/mi film fhidmess - SGE Pty Ltd^ Victoria, 
Auistralia). The Infedor temperature was set at 250°C and the flame ionisation 
detedor at SOO^C- The initial oven temperature was 140^ and was programmed to 
rise to 220^C at 5^C per minute. Helium was used as the carrier gas at a velodty of 
35cm per second. Fatty add methyl esters were identified based on retention time 
to authentic lipid standards from Nuch^ Prep Inc (Elysian/ MN)- 
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RMJT (Prof. A Sinclmr/Ms. K Murphy): Samples were analysed in dtipllrate* An 
aliquot of whole lipid was takaa and dried using a stream of nitrogen. Samples 
w^e hydrolysed to &ee £atty adds using 7.9% KOH (Univar^ AJAX chemicals, 
Australia) in methanol (Merdk, Germany). Samples were cooled and converted to 
fatly add methyl esters (FAME) using 20% boron tdfluorlde (BF3) in methanol 
complex (Merdk/ Germany). Gas ChromatograpHc analyses were perfor3aied using 
a ShimadzuGC17AGC fitted with a flame ionisationdetedox (HDD), FAME were 
analysed using a BPX-70 50m cross-linked 70% Cyanopropyl PclysilphenyXene' 
siloxane capillary column with an ID of 0.32 mm and 0 JZSjjm fihn thidmess. 
Sauries were ir^eded at 125''C and Wd for 1.0 nmiuie. Hie oven temperature was 
set to Increase by S'C/ min to 170*C and held for 4 minuteS/ then by 0 J5?C/min to 
175^ and 4^ /min to a final temperatuie of 220"C whidi was held for 3 minutes. 
The injector and detedors were maintained at 26ff*C and helium was used ae the 
carrier gas- Peak area and concentratioxis were quantified on an IBM compatible 
computer using Shimadzu software Qapan). 

2 A GOMS 

GC-MS analysis was performed on a Varian Saturn 4D instrument wife a J&W DB 
5% phenylmeihylpolyrfloxane column (30m x 0.25mm id). 

2S MS 

Wotnen's and Children's Hospital (Dr. D. Johnson): Img of emu oil was treated with 
benzene/methanol/acetyl diloride at 100^ for 9Qmin. After coolixng, the 
neutralised solution was extraded with hexane and samples of the extrad were 
injected into a Perkin Elmer Turbomass Mass Spectrometer. 

3» Sterol anal]^ 

These experiments were carried out by Ms K Murphy from the laboratory of 
Ptofessor A. Sindair at the Royal MelboumG Institute of Tedinology. Sterol- 
enriched fractions were obtained from two emu oil samples (Makin and G53) by 
alkaline saponification with 5% KOH in methanol/water (80:20, v/v), followed by 
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extraction with 2 ml of hexanerchlorof orm (4:1, v/v) three times. The sterols were 
then converted to their corresponding trianefhylsilyl ethers (OTMSi) wiih BKTFA 
(N/D-Bi»(trimelhyls%l)tri£^^ for 15 ixmmtes at TtTC. Gas 

chronvatographic analyses were perfonxied using a Shiinadzu GC 17A GC fitted 
wiiih a HD and a BPX-5 5Qm ^% Phenyl Polyrilphenylene-aloxane) with an ID of 
032xmn and 0.25 \xjxi film thickness. Samples were injected at 200'^C and hdd for 1 
minute. The oven temperature was set to increase by 20^C/min to 34(rC and hdd 
for 30 minutffi. The injector and detector were maintained at 280^C and helium 
was the carrier gas. Peak area and concentrations were quantified on an IBM 
compatible computer i]($ing Shimadzu software 0apan), 

4. Axialysis of phenoUcs 

The analysis of phenoHcs in a sample of Maldn emu oil, in two other emu oils, and 
in a number of other fats and oils was carried out in the laboratory of Dr P. Haybatt 
attheUiuversity of South Australia. The total phenolic content was determined • 
using a modification of the Folin-Ciocalteau method and results were expressed as 
gallic add equivalents. 

5. Inflammation models 

5.1 Delayed type hjfpersensitwity (DJW reaction: The DTH response was 
induced in 12 week old female BALB/cmice (Aoimal Resource Centre, Perth) as 
described previously (8). Briefly, mice were injected with sheep red blood cells 
(lOQiiaof 10%haematocrit) (SRBC; Sigma Oiemical Co.). Aft« 5 days, the animals 
were challenged intradermally in the rigjit hind footpad with SRBC (25|il of 40% 
haematocrit) or into the left footpad with diluent (25nl). The DTH response was 
determined 24 h post challenge and was calculated by comparing the thickness 
between the diluent vs SRBC injected footpads. Pootpad thickness was measured 
with a dial calliper. 

5.2 CarrageenattHnduced paw reaction: Carrageenan-induced paw reaction was 
induced as described previously (9,10). Mic^ were inoculated with carrageenan (1 
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ii>l/kg of a 1% solution) ( Type IV; Sigma Chemical Co.) into the tigjht hind paw. 
The reaction was assessed by meeusuxing hind paw Ihickness at the indicated tixnes. 

& Leukocyte sepazation 

Mononuclear leukoeytes (MNL) and newtrophils were prepared by the rq»id single- 
step separation method (11). Briefly, whole blood was layered onto Hypaqae-Bcoll 
mediwm of density 1.114 and then centrifuged at 400g/30 win. After 
centrifugation^ the leukocytes resolve into tv^o distinct bands. The upper band 
contained MNL and the lower band Ihe neutrophils. 

7. Lymphocyte proliferation 

Lymphocyte proliferation was measured by a semi-automated microtechnique (12). 
Human mononuclear oells (2x105) were seeded irrto u-bottomed wells of a micco- 
titre plate (50|d) and treated wifli 50m1 of the ethanol emu <m1 fraction. After 30 ntin 
incubation, 2^g/Ml FHA was added to stimulate the T lymphocytes. The ceUs were 
incubated for 72h at 37°C in an atmosphere of 5% COa-air and high humidity. At 
6h prior to harvest, the cultures were pulsed with IfiCi of ^H-TdR. The cdls were 
harvested and the amoimt of radioacUvily incorporated measured in a liquid 

scintillation counter. 

8. Qriokine production 

Production of IL-2, IFN-Y and lymphotoxin CTNF P) ty T lymphocytes was 
measured in MNL stimulated with PHA as described for lymphocyte proliferation. 
The supematants from ceill cultures were collected and the amount of cytokine 
measured by EUSA using cytokine specific monodonal antibodies as described 
previously (13). 

Production of the cytokine "ENF aby monocytes was measured in "MNL stixnulated 
with LPS. Briefly, 2x105 MML in a lOO^d volume was added to flat bottomed wells 
of a microtitre plate and then the cells were stimulated by adding 100/d of 
200ng/ml bacterial lipopolysacdiaride (LPS). After incubation at 37*'C/48h, the 
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supenmtantw^coUectedforTbJFameasu^^ usinganEUSAandTNFa 
specific monoclonal antibody as described previously (13), 

9. Neutrophil adhesion 

9.1 To plasma coated siixfoces 

Adhe^cm was assessed by the abiUty of neutrophils treated wilh emu oil extract to 
bind to plasma-boated plates after stimulation with TMP oc Plates whiich had been 
coated with autologous plasma (1:10), washed and dried received 50/^1 neutrophils 
(SxlO^/ml) which were treated for 30 mins at 37^C/5% CO2- The neutrophils were, 
stimulated with a (10^ units/ml) for 30 mins at 37 ^C/5% COz washed with 
HBSS, ttten stained with 100/£l Rose Bengal (025% w/v PBS) at room temperature. 
Non-adherent cells were removed by washing with HBSS/ and then lOO/d elhanol : 
PBS (1:1) was added and development proceeded at room temperature for 30 mins 
before reading on a plate reader at 57Qmxi. 

9.2 Neutrophil adherence to human umbilical vein endothelial cells 
(HUVEC). 

HUVECs were isolated from umbilical cords stored at 4''C after dd&very/ as 
previously described (15) but with 02% (w/v) gelatin (Cytosystems) to coat all 
tissue culture flasks and plates^ 0.07% (w/v) collagenase (from ClosiHMum 
histdlyticum, type Worthington) to digest the interior of the ximbilical vdn^ and a 
culture medium consisting of RFM1640 (ICN-How) containing 40 mmol/l TES, 15 
mmol/1 D-^ucose, 80U/ml penicillin (Plow), 80|ig/mi streptomycin ^ow), and 
3.2 mmol/1 L-gLutamine, which was brought to 260 to 300 mOsm/1 before the 
addition of 20% (v/ v) pooled, heat-inactivated (56**^ 30 minute) human group AB 
serum. Endothelial cells were identified by their diaractedstic contact^inhibited 
cobblestone morphology and positive staining for factor VUI-related antigen using 
peroxidase-corg'ugated anti-rabbit IgG to human vcm WiUebrand factor C^ako) and 
33'-diarmnobenzidine. 
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Confluent cultures ware subcultured after 2 to 5 minutes ej^osure to trypsin (0-05% 
[v/v]. Flow)- EDTA (0.02% [w/v]). For experimeatal use, second-passage cells 
were plated at 2x10^ cells per well pec 0.2nil culture medium in 96-well culture 
plates. The HCTVECs were txeated with itte emu oil ethanol soltible fraction and 
tiifin witibi TNF-a, the monolayers were washed once wilh BFME 1640^ before 
incubation for 30 minutes at 37»C in absesice or presence of 5i6Xfi neudopbils iri 
E-SFM (final volume, lOOjil). Nonadherent cells were ranoved by gentle 
aspiration, and the wells were washed twice wltii HBSS containing 0.1% (w/y) pM 
phorbol myristate acetate (PMA) to stimulate the cells' BSA before staining with, 
rose bengal. After release of the dye with 50% eChanol/ the absorbance (57Qnm) of 
each well was determined with an EUSA plate reader. Test and blank wells were 
performed in triplicate. Results were calculated after subtraction of the mean blank " 
value ( without leukocytes) from easih test value ^lus leukocyte) (1^- 

10. Neutrophil chemotaxis 

Chemotaxis was measured by the migralion xander agarose method as previously 
described (16). Six millililres of 1% molten agarose in mediuan 199 containing 5% 
fetal calf serum were poured into petri dishes. After the agarose solidified^ sets of 
three holes/ wells were pundved in the agarose layer. Plates wilii these sets of three 
wells were used to measure leukocyte mixtion in a chemotaxis g;radient/ with SjiX 
of 1x10-^ fMtP, 5|il of neutrophils (2.5x105) and Spl of medium 199 being added 
to the inner, centre and outer wells respectively. Two well sets were used to 
measure random migration, cells being added to coie well and medium to the other. 
The plates were incubated at ZTC and the distance of cell migration measured 
directly under a phaseKxmtrast microscope after 90 min. The q>proximate 
migration distances of neutrophils in assays conducted in oiu: laboratory were 
2.2mm and 0.7mm in the presence and absence of fMLP, respectively. 

11. Results 

11.1 Chemical composition of emu oil 

Anal3rse5 of emu oil were conducted at a number of different centres to enable a 
better assessment of the various Gonstiiuents of the oil. Fatty add analyses of emu . 
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oils were made at the Woxxwn's and Childxen's Hospital in Adelaide, FUndere 
University, and at the Royal MetboTwne Institute of Technology (KMIT), ^^d;o!da. 
Analysis of phenolic content of ih& oil wm conducted at the University of Sduth 
Aiistralia and sterol analyBis at KNOT. Ihetraultsaie all presented arid/ in some 
cases, comparisons between the same oils from analyses made ai different centres 
are outlined. 

11J2 Fatty acid composition of emu oils 

Examination by thin layer chromatographic analysis of emu oil showed that the 
ma^r component of emu oil is tdatylglycetol. However, smaller amounts (aroimd 
1-2%) of at least Zother minor components were detected (Fig 3). Three of these 
were tentatively identified as unesteaafied fatty adds, diacylglycerbl, and sterols. 

The identity of the other oonq^onoits was not establbhed. Some of tiiese had a 
similar chromatographic mobility to compounds present in olive oil. These 
esxperiments indicate that emu oil is a more complex nuxtvire than previously 
believed. As many of the minor components in olive oil are thought to contribute 
to its properties, particularly its heaitii benefits, it is likely that the minor 
caaqx>nmts in einu oil may also have a similar effect. Apart feom a band in olive 
dH running near the solvent and tentatrvdy identified as the hydrocajJjon, 
squalen©, the chromotagraphic proffle of emu ofl did not appear very different from 
olive oil, although it is likely ttiat there are some conqjonents that are unique to 
^choil. 

The fetty add oonyosition of the nine emu oils analysed by GC-MS at Flinders 
Univeraty by Dr Neil Trout (organic chemist) is shown in Table 5. The 
predomiiiant fatty add was oleic add (l&lcoe). This ranged from 49% to 58% of fhfe 
fetty adds in the nine oils. The next most promjinent fatty add was palmitic add 
(16:0), whidi ranged from 19-22%. Otiier prominent fatty adds were stearic add 
(18:0) ranging from 9-ll%> linoleic add (18:20)6) ranging from 5.5-17% and 
hexadecenoic add (16:1(d7) ranging from 3-6%. A typical GC-MS trace of the fatty 
add analyses is seen in Fig 4. 
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Table 5: GC-MS Malysis of njuae prepamlicins of emu oil. GCMS analyst wcus petfomed oa «k Vailan Saftum 4ED 
infitrument wiQi » J&W DBS/Jphenyhne&^rl poly^iloxane column &Om x O^^mi), 
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Analyses of these oik were also imdertakeam Dr Bob Gibson's laboratoiy at 
Hinders University (Table 6). Nine emu oil samples wegce ani&lysed by this meOiod. 
Examination of GC traces showed that the fatty acid composition was much mcire 
complex than had been suspected, with upwards of two dozen different fatty adds 
identified. Many of these components were only present in trace amounts (< 0.1%)». 
Emu oil contains mainly slrai^ chain even nunibered carbon chain fatty adds, titie 
major saturates being pahniiic (16:0) and stearic (18:0) adds, wiife only small 
amounts of shorter (14:0) and longer (20i0 and 22:0) dudn saturates (Table 6). 



wo 03/075003 



PCT/AU03/00266 



28 




Ths ranges for die predominant fatty adds were 18:1 ©9 (47-53%), 16:0 (20-24%), 
18:0 (8-11%), 18:2<d6 (8-12%) and 16:lc»7 (3-5%). Again, the greatest variability was 
seen in 18:2(!i)6 and 18:0. The main monoenoic add was oldc acid (18:l<o9). Traces 
of shorter (16:loi>9) and longer diain (20:lc!»9, 22:lc)9) monoenoic adds were 
detected. a>7 series monoenoic fatly adds were also j«esent> the main one being 
16:1 <»7, whidi was present in significant amounts (around 3%). Only traces of odd 
numbered carbon diain fatty adds were detected. The main polyunsaturated fatly 
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acid was linoldc acid (18:2 <o6). Traces of other ©6 series polyunsaturated fetty 
acids were piesent, and included gamma linoleadc (18:3oa6), arachidonic (20:4 <»6), 
axid docosatetraenoic (22:4ci>6) adds. o3 Polyunsaturated fatty adds were xnixiox 
coxziponetxts, the mam one being alpha Hnoienic add (18:3a>3), -with only traces of 
16/ 20/ and 22 carbon compounds. Coi^^ted linoleic add (ibe % 11 isomer) was 
also detected, but only in very small amounts (<0.1%). 

Fatty add analysis was also carried out by Ms K Murphy in the laboratory of 
Professor Andrew Smdair at RMIT. Approximately 21 individual fatty adds were 
identified in the &axa. oils (Table 7). The dominant fatty add dass was <he 
xrionounsaturated fatty adds (approximately 5457%), followed by the saturated 
fatty acids (31-34%). Omega-6 fatly adds were the dominant polyunsaturated fatty 
adds identified, ranging from 8-12%/ while omega-3 feitty adds were present at less 
than 2% of total PUPA. 

Oldc add (18:la>9) was the dominant fatty add in the emu oils (Table 7), ranging 
from 48,2% in the G53 emu oil to 49.2% in the Makin emu oU. Pahnitic add (16:0) 
was the next most dominant fatty add (approximately 19-23%), followed by stearic 
add (18:0) (10.11%)/ linoleic acid (185fi)6) (8-12%) and hexadecenoic add (dsl6:l 
a>7) ( 3-4%). DHA predominated in the tuna aaH, followed by 16.0, 18;1 ©9, 18:0, 
EPA, and ds 16:lo)7. OlJve oil was predominantiiy 18:la)9 (78%), with a smaller 
percentage of 16:0 (11%) and 18:0 (3%). 
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Exanunation of the GC/Mass spectrometric analysis of emu oil fatty adds by Dt. 
D. Johnson at the Women's and Children's Hospital confirmed that the inaia fatty 
add components of emu oil were 14:0, 16:1, 16:0, 18:1, 18:2, 18:0, 20:0 and 20:1 (see 
Hg4). However, two otiher components, labelled as peaks 1 and 2, were also 
detected- These were not present m analyses carried out by two other laboratories. 
Neither peaJc was positively identified as a fatly add, even ttiough the 74 mass ion, 
indicative of fatty add esters, was detected in both and was particularly prominent 
in peak 2, Based on a comparison of the peak heights as compared to ottier fatty 
add peaks, peak 2 constituted around 3-4% of the total fatty adds in one of the emu 
oil samples analysed (Makin) and 6-7% in the other (A2-100G). 

To explore the possibility that these two components were hydroxy fatty adds, 
samples of emu oil were hydrolysed with benzene/methanol/1% sulphuric add at 
100«'C for 2 hours. After extraction into h^ane, saix^les of the hydrolysate were 
chromatographed on a TLC plate in hfixane-ether-acetic add (80:20: 1) and the 
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zc»nes were detected by eTqKJSuxe to iodine vapour. AjbliDu^ under these 
conditions there had been almost complete hydrolysis of the emu oil/ ^^b&ce was iio 
evidence for the presence of hydroxy jfetty adds. The only components detected 
were normal (nnhydroxylated) fatty acid esters together wiili smaD amounts of 
aUkali-stable lipids. One other possiUlity is that peaks 1 and 2 were formed by 
acetylation of diaq^lg^ycerola. Most animal and plant fats, including emu oil, 
contain small amounts of diacylg^ycarol generally formed by the breakdown of 
triacylglycerols. This posstbiliiy has not been investigated further, 

11.3 Sterol analysis 

Approximately thirty sterols were present in the emu oils and tuna oil, wWle 28 
sterols were present in the olive oil (Table 8). Of those, 15 sterols of the emu oils 
and 19 of tihe olive <M could not be identified with gas chromatography not linked 
to a mass spectrometer. Data has been presented as percentage of total sterols. 
Chol^terol was the major component of the sterol fraction of both Adelaide exrm 
oil samples. It comprised 70% of the Makin and 55% of the G53 earn oil sterols 
respectively. A further 14 sterols were identified. The only other component 
present in significant amounts was 4, 23, 24-trimethyl-5oircholest-22Eren-3p-ol (3.7 
and 7.1%). 
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A irambea' of tfie other companents, such as rftosterol, brassicasterol, and sitosterol, 
are plant sterols and ttierefbre probably derived from iihe diet. A furthea: 15 
components, many of wMch are beUeved to be sterols, were also detected but ttiey 
were not identified. These data provide farther evidence for the complexity of emu 
oil and for tlie variability of its composition. The presence of plant sterols indicates 
that the concentration and composition of the minor components may be affected 
by diet. 

Other sterols present in the Maldn and G53 emu dls were an unidentified (UI) 
sterol duting before cholesterol (S and 13% respectively), an UI sterol eluting before 
4,23,24rtrimethyl-5owiioIesfe-22E.en-5p.ol (5 and 5% respectively), and cholestanol 
(2 and 1 % respectively)- The unidentified peaks were present in aU«amples tested 
and cannot be idcntiaed until gas chromatography with mass spectrottJetry is 
applied. 

•mere were also traces of several additional sterols, including 5«>cholestane, 24r 
nordehydrocholestero^, C26 sterol, patinosterol, trans-22rdehydrochole8tetol, 
desmosterdl, brassicasterol, 24rmelliylenecholesterol, 24Hmethylcholesterol^ 
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atiginasteroL P-sitosterol and isofucosterol (all £ 1%). p"$itosteroI.was llie m^or 
sterol in the olisre oil sample (21%). The peak identified as cholesterol (5%) in ihe 
olive oil sample is tmlikely to be cholesterol. There is a possibility that it could be a 
long chain alcohol (28:0) which runs very dose to cholesterol. 

Tuna oil was comprised mainly of cholesterol (85%). 

11.4 Folyphexiol axialysis 

The highest concentration of phenoHcs was found in olive oit with valuer as h^h 
as 708nmolGs per litre (Table 9). Levels were very low in a number of other plant 
oils (sunflower, canola, and soya bean oils). The Makin emu oH had levels of 
phenoHcs ihat were comparable to those detected in castor and peanut oils (25.0 vs 
21.7 and 25.0 and 271 and 30.0nmol per litre) (Table 9). As phenolics are normally 
found in plants, it is likely that ttie emu oil phenolics are derived from dietary 
sources. The total phenolic fraction of olive oil and other dietary oils normally 
comprises a inixtuie of simple and complex phenols. Although the emu dfl 
phenolics w^e not identified, it is likely that they include a mixture of compounds. 
Their presence is a further indication of the complexity of emu oil. In view of iheir 
powerful antioxidant properties, and their ability to modulate the activity of 
immune cells (17), it is possible that they contribute to anti-inflammatory activity of 
emu oil, eitiuer directiy or ^ergistically with other components present in the oil- 
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12* Anti-wf lammatory properties of emu ofl 
12.1 The effect of emu oil on the chronic iiiflaxmnatory xeactio:n 
In these experiments^ the Maldn emu oil preparation was primarily used, as this 
had been prepared under '"guided"^ conditions. The chi^onic inflaminatory response 
was measured by the delayed type hypersensitivity reaction. This reaction is 
initiated by an antigen and elidted following antigen challenge at various sites. 
The response is characteristic of sensitised T Ijrcnphocytes, which mobiUze and 
accumulate at the antigen challenge site. Suck cdls then cause the non-specific 
accumulation of other lymphocytes and a large infiltration of macrophages. This 
represents a significant model of the reactions seen in inflanunatory diseases where 
tissue damage occurs. In these investigations, we used sheep red blood cells 
(SRBC) as the antigen for tine delayed type hypcrsensitivHy response. Mice were 
primed wilh SRBC subcutaneously and after 5 day^ challenged in the footpad with 
SRBC and the amount of swelling measured 2/I$k later. In these investigations, the 
effects of emu oil on the inflammatory respohse were evaluated by injecting 50|j1 of 
the Makin emu oil hvtrapcritoneally, three hours prior to the antigen challenge. The 
data presented in Hg 5 show that mice which had b^n pretreated with emu oil 
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developed a significantly depressed PTH xespome, tihtis showing that emu oil has 
anti-inflanunatoiy activity. 

This activity of emu oil was found to be proportionately decreased as the amotmt of 
emu oil iiqected was decreased (Pig 6). Thus, when 120m1 was injected, there was 
approximately 70% suppression of the DTH response, compared to 25% with SOfjl 
emu oil. 

Several experiments were conducted to examine the reproducibility of the effects of 
MakinemuoilonDTHinflaxnmation. The oil was administered in SOplip. The 
results presented in Table 10 show fhal> in all cases, ihe emu oil was active in. 
suppressing the infLammatory response. 



Table HjO: $^m^a^ot&s'^i^m^lk^emlSsllBti^^ 
twoil on &oVlSffeseaiu» 







2 




Z 




3 


3&8 


4 


435 


5 


2S2 











Mice w«te.limpujHS¥Kl sub<3itapi^iBJy witfi SSMC and 5 dayylaiep 
djalleaged wifliSfiBC stibcataneoiisly i».&ehinidfQioitpa«L'nBfee 
hours prior to .Cbalkag&, ft»c afl!» \WB tt«»tea 
ipiTSis DTECtcacdoawasafisrasedtiy nxeasvirifle ttetibacSaaess of 
fqoipad swsajtog. Rv« miscjiBr gfsooB wate >^sed in, ^chfiXpeartewit. 

A commercial source of emu <^ cream from Emu Oil Therapies ^OT) designated 
as CI was tested. The ofaitment is for topical application and contains small 
amounts of eucalyptus and lavender oils. The cream was applied to the footpads of 
mice Ih prior to challenge with SRBC. The results presented in Fig 7 show that CI 
was hi^y immunosuppressive, causing a 60% reduction in footpad sweHing. 
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12.2 Comparison of the antt'dnflainmatoiy properties of diff erextt emu oil 
preparations 

The various emu oil preparations which had undergone chemical analyses were 
also compared in their ability to reduce the inflammatory response. Groups of ixxice 
were sensitised with SRBC and, 3h prior to antig^ challenge, received one type of 
emu oil intraperitoneally- It is evident from ttieresidtspresaated in Fig 8 that 
Makin emu oil was the most effective. The others showed veiy poor anti- 
inflammatory activity. 

12.3 Comparison of the pre and post antigen challenge treatment wifli emu oil 
The utility of a substance to treat an ix>flamnuitary reaction can be assessed on its 
ability to stop inflammation even after it has been elicited. This was examined for 
emu oil using the DTH model. In initial studies, experiments were conducted in 
which the emu oil pretreatment time was varied froml to 5h prior to challenge. 
Thus, SRBC primed mice were pretreated at 13 and 5h prior to SRBC challenge 
with 50>d of Makin emu oil intraperitoneally. The results showed that tiie oil was 
most effective if given Ih prior to challenge (Fig 9). 

In further experiments, the effects of delaying treatment of mice with emu oil imtil 
3h after challenge with SRBC on the development of the DTH reactions were 
examined. Investigations were set up to compare tiie effects of 3h pre-treatment 
versus 3h post- treatment in relation to antigen challenge. The results showed that 
Maldn emu oil was just as effective if the treabxient were delayed and, in fact, 
delayed treatcnient was signifLcanily more suppres^ve than treatment ^en prior to 
challenge (Fig 10). 

12.4 Effects of emu oil on acute inflammation 

Acute inflammation is dominated by neutrophils rath« than T l3ntiphocy1es and 
macrophage, although the latter two cell types are also likely to have a role. This 
can be tested using an established model of carrageenan induced inflamxnatoiy 
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reisponses. This model was used to exaixiine the effects of emu oil on acute 
jxiflaixttnation. Mice were treated intraperitoneally witihi Maldtn emu oil 3h prior to 
receiving carrageenan into tfie hind footpad. The swelling was then measured 24h 
after the injection of carrageenan. The data ishowed that the oil was quite effective 
in depressing the carrageenan-induced infLamoiatory response (Fig 11). As -per 
DTH reactioiv comparison of prefaceabzient of mice for Ih, Slv 5h showed Ih to be 
most effective (Fig 12). 

Examination of emu oil post- treatment with respect to acute inflammation and 
cairageenan-induced inflaramation showed ^t the delayed treatment was just as 
effective with this model in inhibiting inflammation (Fig 13). As with chronic 
inflammationr a greater degree of suppression of inflammation was seen. 

125 BEf ect of rendering temperature on enrn oil chemical composition and 

anti-^nflammatoiy activity 
Makin emu fat (EF) was subjected to heating at 40**C for 2h, the oil removed and the 
remaining fat subjected to heatibog at eO'^C for 2h, After collection of the oil, the fat 
was heated at 80"'C and the oil produced under this temperature collected. 

The oils prepared under the three different rendering conditions were analysed by 
GC The results are presented in Table 11. 
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The results showed that the three preparations were almost identical in tenxis of 
composition of the major and minor fatty adds. Whai ci^npared to other emu oil 
preparations, the composition o$ fat was similar. 

The three oils were then tested for their effects on the carrageenan-induced 
inflaxximatory response. Mice were pretreated for 3h with 120|il of each of the emu 
oil preparations (40*^0, 60*C or SCTQ axid then treated with carrageenan in the hind 
paw. The restdts showed that, while aU three inhiHted the ' 
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60°C rendering produced the most effective oil followed by SO'^C (Fig 14). While 
ihe rendering temperature effects were also seen in flie DTH i^eaction^ it was iihe 
80°C and 100 oil preparatioiis which were most anti-inflammatory (Rg 15) . 

12.6 Activity of the ethanol soluble fraction of emu oil 

The ethanol soluble component of Makin ctiu oil was prepared and examined ior 
anti-inflammatory properties by using several in vitro parameters of inflammatioxv 
The ethanol soluble fraction was tested for abiKty to depress T lymphocyte, 
macrophage and neutrophil responses. 

12.6.1 T lymphocyte responses 

Makin emu oil was stibjected to solubility in ettuinoL Tliis ethanol soluble oil 
fraction was titien tested for ability to depress proliferation of mitogen stimulated 
human lymphocytes. The mononuclear cells were isolated from peripheral blood 
and pretreated for 30 min with dilutions of the fraction and then challenged with 
phytohaemagglutinin (PHA). Proliferation of lymphocytes was measured after 48 
hours using ^-TdR incorporation as a marker for DNA synthesis. 

Lymphocytes pretreated with the ethanol soluble firacdon of emu oil showed 
marked inhibition of PHA-induced lymphoproliferation (Fig 16 ). This aspect has 
been repeated several times and similar results were obtained reproducibly. Table 
12 shows the results from a number of experiments which have examined the effect 
of ethanol extracts of Makin emu oil on lymphoproliferation. Using this assay 
system, the ethanol fractions from oiJs rendered at 40^C 60°C and Sff^C were tested. 
Interestingly, 60^C and 80"C oils were more active than 40**C (Fig 17). 
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Table 12: 

Stumnaxy ol e;q>exiinents escamixiixig the efitecte of variotis ethanol exlraciidtts of MaHn emu oil 
on ihc lymphoprolif erstHon t^ouise In htixnan T lymphocytes atiittalated with PHLfl^ A voluxne 
of 50^1 frf ptodfied T lymphoqrtes (4xl0fi/ml) was placed into a U-bottom well and m equal 
volume of ethanol or ethaxiol extract of Makm emu oH (final of 1% whole emu oU equivalent) 
was added to flie welfo- The cells wexe hxcubated at STC/SVoCO^wxdd atmosphere for 30 mfei 
before lOOul of 5% AB serum or Zjig/Ml PHA (in S% A3 servm) was added to the wells. The weUs 
were then incubated at 37'Q5%CO^umld atmosphere for 48 hours. Six hours prior to 
harveslii^ the cells were ptilsed with liiQ of mrfhyl-^-thymldine. Xncoxparaied radioactivity 
was measured using A P counter. 



« 

Sxpeiimeofal %In]]ibtlionof 
limibw LymphoproUferative Respoiose 

$43 ±13 

84J2±5.5 
85.0 ±8.5 
99^ ±0.14 
99.75 ±0.045 

Mean* sem 90.63 ±3.76 



Considering tihat Makin ema oil was fotucwi to be hi^y active in inhibiting DTH in 
comparison to G53 emu oil/ tJhe ethanol fractions from the two oil preparations 
w«re compared in their abiKties to inhibit T lymphoqrfce proliferation induced by 
PHA. The data presented in Fig 18 show that, while Malsin emu oil caused >90% 
inhibition of the T lymphocyte response, G53 emu oil produced only 50% inhibition 
of this response. 

12.6.2 MoDOCjrte Sanction 

Further experiments examined tiie effect of emu cSl on cytokine jwoduction by T 
lymphocytes. As per lymphocyte prolifetation assays, the mononuclear leukocyte 
fraction was pretreated witii the Makin emu oil ethanol fraction and then 
stimulated with PHA. After 48h incubation, the supematants were assessed for 
levels of the cytokines, IFN-^, TNF-P and ILr2 (Fig 19). 



1. 
2. 
3. 
4. 
5. 
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The results showed that prodtictioii of tifciese cytokixifiS/ and in particular IFN-^, was 
inhibited. Monocytes prepared as the adherent fractiCHti of mononuclear leukocytes 
were pretceated with Makin eain oil ethanol faction and then stimulated with 
bactesrial lipopolysaccharide (UPS). The effect on INF-a production was assessed 
by measuiixig the qrtolcine in the cultured trea^ The 
results showed that Makin e11ianolj&:acti<m of em^ 
induced cytokine production (Fig 20). 

12.6.3 Neutrophil adherence 

Since neutrophils are the main proponents of acute inflammation, investigations 
were conducted as to whether the ethanol soluble emu oil ficaction affected 
neutrophil functional responses essential fox neutrophil tissue influx and whether 
accumulation of neutrophils at inflammatory sites requires the adhesion of 
neutrophils to the endothelium of blood vessels. This adhesion can be promoted by 
upregulating integrins on the neutrophil surface, as weH as adhesion molecules on 
the endotheliai tissue. 

In the first set of investigations, neutrophils were exposed to Makin emu oil ethanol 
fraction and then sthnulated with phorbol myristate acetate (PMA). The results 
showed that the PMA- induced upregulation of neutrophil adhesion to plastic 
surfeces was depressed by trMitment with this fraction of oil (Fig 21). 

Jh the second set of investigatioiM!, human unibilical vein endothelial ceDa were 
exposed to the Makin emu oil ethanol fractknx The cells were washed and then 
stimulated with tumor necrosis factor (TNF) to upregulate the adhesion molecules. 
Fresh neuttophils were added to the endothelial cell monolayers and the degree of 
neutrophil adhetencc was quantified. The (nsIF) stimulated endothelial cells 
showed enhanced neutrophil adhesion and this was significantly reduced in 
endothelial cell cultures which had been pretreated with the emu oil (Fig 22). 
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12.6.4 Neutrophil chemotaxis 

The abilify of neutrophils to move into infection sites is depeadent on their 
chemotactic response. In fihis investigation, the neutrophil chemotaxis response 
was quantified hy meastutog the degree of movement of neutrophils towards a 
chemotactic agent, the tnpeptide fMLP- The data presented in Fig 23 ^ow that 
neutrophils, which had been pretreated with Makin emu oil ethanol fractioiv 
showed a poor chemotactic xespo/Dse^ 

12.7 Forttier characterisation of the anii-T cell activity of emu oil 
Preliminary studies have also shown that some of the imsaturated i^tiy acids found 
in emu oil inhibit T lymphoc3rte and mononuclear cell responses. Thixs, our results 
show that 18:20)6 is strongly inhibitory compared with 18:1<»9, 18:0 and 18:2 (Fig 
24), 

Since long chain fatty adds such as 18:2 0E>6 are suspected to be responsible for the 
anti T cell effects, it was interesting to see if the fatty acid binding protdns in serum 
could prevent the activity present within the ethanol fraction. The lymphocjrtes 
were pretreated with the Makin emu oil eihanol fraction in the presence and 
absence of 5% human blood group AB senim and then stimulated with PHA. The 
data in Fig 25 show that serum could prevent the inhibitory effects of the emu oil 
ethanol fraction on T lymphocytes. 

Chemical analysis of the ethanol feaciion of NfeJdn exnti oil by GC showed that the 
fatty adds were present in similar proportions to the whole oil (Table 13). 
However, thef e was a small increase in 18:2(06. 
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The ethanol soluble emu oil fraction was also sut^ected to TLC (analytical). This 
revealed seven bands (Fig 26). Interestingly/ band 3 corresponded to 18i2 a>6, A 
preparative tun was also conducted and this is shown in Fig27/ revealing 8 
fractions. These fractions were then tested for the ability to inhibit lymphocyte . 
proliferation. The results showed that the major activity was associated with 
fractions 34 and 6, equalling fraction 3 (Fig 28). The other fractions had much less 
activity, interestingly, fraction 3 corresponds to 18:2 c£>6 mobility. 
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12.8 Anti-i]ci£laminatoxy properties of emu oU triglyceride fraction 
The eiliaiiol insoluble fraction contains pximaxily the triglyceride component of fhe 
oil. This was tested fwinhiHting activity on the In these 

experiments, mice were treated with the triglyceride fraction of emu oil either 3h 
prior to antigen challenge or 3h post- challenge. The DTH response was 
significamly reduced to a similar extent as the whole oil when the triglyceride 
fraction was applied either prior to or post antigen challenge (Fig 29). 
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THE CXAIMS DEHNING THE INVENTION ARE AS FOLLOWS: 

1. An assay system for grading a substance so as to assess, in a standardised 
marmeiv its anti-iiiflammatory activiiy, said assay system comprising: 

(i) xqection of a suitable antigen into an appropriate body part o£ a 
manunal; 

(ii) mAiex ix^ection of a predetertnined amount of said test substance into 
the same body pari;^ or topical appKcation to said manunal of a predetermined 
amotmt of said substance; 

(iii) measurement of the degree to which swelling which would otherwise 
result from injection of said antigen is reduced or alleviated; and 

(iv) comparing the activity of said test substance^ as measured in step (iii)^ 
against iihe activity of a standard compound having Jmovm antl-inflamtnatory 
characteristics^, the activity of said standard compound having been measured by 
this same assay system of steps (t) to (iii)/ and having been used to generate a 
grading system to compare Hie efficacy of various of the assessed substances- 

2, An assay system for grading a substance so as to assess, in a standardized 
manner, its anti-inflammatory activity, said assay system comprising: 

(i) measureniient of tihe activity of an tn viiro preparation of T-cells, 
macr ophajgjes or neutrophils, or a cdl line derived therefrom; 

(ii) addition of said substance to said preparation of T-cells, macrophages 
or neutrophils, ox said cell line d^ivediiierefroixv 

(iii) measurement of the change in activity of said preparation of T-cells, 
macrophages or neutrophils, or said cell line derived therefrom, following addition 
of said substance in step (ii); and 

(iv) comparing the change in activity (as measured in stjep (iii)) for said 
substance against the change in activity for a standard compound having known 
anti-inflammatory characteristics, the change in actlvi^ for iiie standard compound 
having be^ measured by this same assay system of steps (i) to (iii), and having 
been used to generate a grading system to compare the efgcaoy of various of Hie 
assessed substances. 
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3. An assay system accordfaig to daim 1 or daim 2, wherein said substance is 
an oil or a fat, an (Organic solvent e>rtract of an oil or a iat a preparation comprisiitg 
an oil or a fat, or a biologically active component of an oil or a fat. 

4. An assay system according to daim 3^ wheacein said substance is sdected 
from fihe group consisting of animal oils; plant oils^ such as tea tree oil^ flaxseed oil, 
linseed oil^ borage oil and evening primrose oil; fish oils; and algal, microbial and 
fungal oils. 

5. An assay according to daim 3 ox claim 4/ wherein said substance is emu oil 
or an ethanol extract of emu oil. 

6. An assay system according to daim 1 wherein/ in step (i), said antigen is 
injected intraperitoneally or into a fooipad or ear of said mammals 

7. Anassay system accordizig to daim 1 or daim 6^ wherein said antigenic 
Carrageenan or sheep red blood cells, 

8. An assay system according to daim 1 wherein, in step (ii)/ said substance is 
injected intraperitoneally or applied topically. 

9. An assay system according to daim 2^ wherein said preparation is a 
preparation of T lymphocytes and said activity is lymphoprolif eratioru 

10. An assay system according to daim 2, wherein said preparation is a 
preparation of T lymphocytes and said activity is production of cytokines, 

11. An assay system according to daim 10, wherein said cytokines axe selected 
from the group consisting of interleukbvZy tumor necrosis factors and interferon-y. 
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IZ An assay system according to daim 2/ wherein said preparation is a 
preparation of neutiopMs and said activity is chemota?ds. 

13- An assay system according to daim 2, whet:ein said preparation is a 
preparation of neutrophils and said activiiy is adherence to endotitielial cells. 

14. An assay system according to claim 1 or claim ^ wherein steps (i) to (iv) are 
repeated/ using seriaDy reducing amounts of said substance. 

15. An assay system according to daim 14, wherdn said substance is serially 
diluted in ethanoL 

16. A pharmaceutical composition for treating or ameliorating the symptoms of 
a T-cdl mediated disease or condition or a neutrophii mediated disease or 
condition in a mammal, said pharmaceutical composition comprising emu oSl, or a 
biologically active extract or component thereof, optionally together with a carrier 
vehide. 

17. A pharmaceutical composition according to claim 16, wherein the disease or 
condition is immune complex disease, renal disease, nephritis, arthritis, 
glomerulitis, vasculitte, gout, urticaria, angioedema, cardiovascular disease, 
systemic lupus erythematosus, breast pain/premenstrual s3mdrome, asthma^ 
neurological disease, attention defidt disorder (ADD), psoriasis, retinal disease, 
acne, sepsis, granulomatosis, inflammation, reperfusion injury, cystic fibrosis, adult 
respiratory distress syndrome, thermogenesis, diabetes, inflammatory bowel 
disease, Crohn's disease, multiple sclerosis (MB), systemic sderosis, osteoarthritis, 
atopic dermatitis/ allergic contact dermatitis, graft rejection (graft versus host 
disease) or transplantation. 

18. A pharmaceutical composition according to daim 16 or daim' 17, wherein 
said biologically active extract or component is selected from fhe group consisting 
of triglyceride fractions, triglyceride fraction components, stocol fractions, sterol 



wo 03/075003 



50 



PCT/AU03/00266 



fraction components, phenolic fractions/ phienolk fraction components, alkali^ble 
fractions/ alkali-stable fraction comptments, organic solvent extracts, components of 
organic solvent extracts, and mixtures thereof. 

19. A pharmaceutical composition according to any one of daims 16 to 18^ being 
an oral, injectable ox topical compositton- 

20. A pharmaceutical composition according to daim 19, being an iiqectable 
composition. 

21. A method of treating or ameliorating the symptoms of a T-cell mediated 
disease or condition or a neutrophil mediated disease or condition in a mammal, 
said method comprising administration of an effective dose of a composition 
comprising emu oil, or a biologically active ^rtract or comporiient thereof. 

22. A method according to daim 21, wherein the disease or condition is immune 
complex disease, renal disease, nephritis, arthriids, glomemlitiS/ vasculitis, gout, 
urticaria, angioedema, cardiovasculai disease, systemic lupus erythematosus, 
breast pain/premenstrual syndrome, asthma, neurological disease, attention deficit 
disorder (ADD), psoriasis, retinal disease, acne, sepsis, granulomatosis/ 
inflammation, reperfusion irgury/ cystic fibrosis, adult respiratory distress 
syndrome, thermogenesiS/ diabet^, inflammatory bowel disease, Crohn's disease, 
multiple sderosis (NB), systemic sderosis/ osteoarthritis, atopic dermatitis, allergic 
contact derxnatitis, graft rqection (graft versus host disease) or transplantation. 

23. A method according to daim 21 or daim 22, wherein said biologically active 
extract or component is selected from the group consisting of triglyceride fractions, 
triglyceride fraction components, sterol fractions, sterol fraction components, 
phenolic fractions, phenolic fraction components, alkali-stable fractions, alkali- 
stable fraction components/ organic solvit eKtracts, components of or^nic solvent 
extracts/ and mixtures thereof. 
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lAu A meiihod according to any one of daims 21 to 23/ wher^ said composition 
is administered orally/ paxenterally or topically. 

25. A method according to daim 24/ wherein said composition is administered 
by injection. 

26. Use of an organic solvent to extract compounds having antL-inflaxxuDCiatoiy 
activify from a biologically active oil or i^t. 

27. The use according to daim 26, wherein said biologically active oil is emu oiL 

28. The use according to daim 26 or daim 27, wherein said organic solvent is an 
alcohol. 

29. The use according to claim 28, wherein said alcohol is ethanol. 

* 30- A mettiod of preparing emu oil for thaapeutic use, induding the step of 
heating the emu oil, or the tissue from which the emu oil is derived, to a 
temperature of at least 40^C 

31, A method according to daim 30, wherein said temperature is about 60*^0, 
about 8(PC or about 100'*C 
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Fig 1. Rssultsfrm Fig 6 (jbUowing) htwe hem re-gtaphed to estiMish a reJ^Honshipfrm 
which ike inhibilory dose (IDis) of an ef^ lirenumstohenotedfhai 
this assay is based on one injection of emu ofL It Hier^e represents m underesHmaiion of 
fhe activity when applications for several days are being used. 
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damage in rheumatoid arthritis. During the disease Ihe endothdium becomes activated and 
promotes the adhesion and movement of the leukocytes, T cells, neutropMb and monocytes 
(macrophages) into the joint. A netivork afiniercdlular signalling irwohing cytokines and 
other mediators, causes the changes of these inflammatory ceUs to a tissue destructive 
phenotype. Points of target by mu oil are shoum by asierix. ** indicates strong inhibition 
and * modest inhibition. 
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OUoe Oil Emu Oil 

Fig 3. The prepanOive sepamtion of emu oH hf fhin layer chromatography (TLC). The oil 
preparaHm vm haOed onto a saicone-coaied TLC plate. The TLC was run in a solvertt 
system consisting <^ dieQtt/le&ter:hexime:^atM acetic add (20:80:1) untU 1 cm from the 
margin. The plate toaa dried and s(mqjles covered zom foil far protect 
deoehped hy exposure to h gas. 
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Fig 4» GO-MS amhfsis ofA2-100G emu oil Trnis-ester^caUon of emu oU components was 
carried out at 90 "Cfar 90 min in }mzene/aceiyl(Moride/meQmml 



wo 03/075003 



PCT/AU03/00266 



5/29 




Control Makin emu oil 



Fig 5. The effect cfMdkin enm oUmihe DTH response. Mice were immunised wHh SEBC 
subcuianeoush/ and then chdUenged with SRBC in Ihe footpad after 5 days. Three hours 
prior to Hie challenge, the mice received SOfd ofMakin emu oU intrapentoneaUy (iji). The 
reaction (footpad smiting) was meemred 24 h challenge by dial calliper. Controls 
received SO/A of saJine. ThedatarepresmtMean±8em€f5mice, The Mean ± son increase 
in footpad stoeHUng of cmtml was 0.75 ±O.OZmm. Statistical analysis by Student's t-test, * 
P < 0,0001 for (xmtpanson between Control and MnSdn emu oU. 
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¥ig 6, The effects of varying mnmmts cfemu oil on the DTH response. Mice were 
immunized vdth SKBC stibcutmmisly and then dudUnged mik SKBC in the footpad on 
day 5, Three hours prior to the diaUenge^ the ndce received various doses cfMdldn emu oit 
ip. TIte reaction was measured 24h after challenge by dM aiUiper* The d(Aa represent Mean 
± sem of 5 mice. The Mmt ± increase in the footpad swelling cf control was 1,17 ± 
0.10mm, Statistical analysis by Dunnett^s test for multiple comparisons, *P< 0.01 for 
comparison between Control and tests. 
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Fig 7. The effect qfa commercial emu otL cream (CI) on the DTH response. Mice were 
sensitised suhcutaneously wifh $EBC find challenged 5 days later in thefMtpad. 1 hour 
prior to challenge, Oie mice received CI emu oil applied topicMy to ^footpads and.iail. 
The footpad iMdwess was meaaured 3h itfter cMlenge by dial calliper. The results are ffie 
Mean±semcf5mk!e. TheMeari±semsweningcfc<mtro1swa30.7±0.(Mmm. StaOstiad. 
analysis by Student's t-tesi, * P = 0.0005 for comparison bOween Coritrci and commercial 
emu oQ cream. 
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Fig 8. The t^ect of various emu oil prepamtions on the DTH response. IMce were 
immunised wi&i SJRBC suhcutaneoush/ and then dudlmged ondtti/Sin thejbotpad. Three, 
hours prim to challmge, the mice received lOOpl cf emu oUip, The reaction was measured 
24h after diaOmge by dM caWper. The data represent Mean ±semqf5 mice. The Mean ± 
sem of control was 1.05 ± OM mm. SiatisHcal analysis by Dunnett's test, *P < 0.01 fitr 
comparison between CmOrcAandMiddn emu ail. 

m GOLDING - UTTLE MEADOW 
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Fig 9. Effect cfMakin emu ofl pretreatmmt Hmonihe UTH response. Micexaa-e 
immunised wUh SRBC subcutaneously and then chdOenged with SBBC wtdftj/ 6. Mice 
were treated ip vnth 50 cfMUdn emuoU atl,3or5h pmr to chaUenge. The ewdling of 
ihe jbotpad zoos measured 24h (0er Menge by dial calliper. Controls received SOfA of 
PBS. The data represent Mean ±Bem of 5 mice. The Mem * increase in footpad swdUngqf 
control was 1.03 ± 0.07 mm. Statisfiaa analysis by Dunnett's test for mtdHple 
comparisons, *P< 0.05 jbr comparison between Corttrol /lhand Control /3hpre- 
trettiment times. 



wo 03/075003 PCT/AU03/00266 



10/29 




Pie-treatment Post-treatment 



Fig 10. The t^i cfMaUn emumlpre^eatmmtcmdpost-tna^ 
respmse. Mice were injected ip wUh 120/jl cfMaJdn emu oil either 4ft b^ore (pre- 
ireatmmt) or 3h c^ter (post-treaimmt) challenge. Control mice received PBS: The swetting 
qf&ie paw Xim measured t^er 24h by dial calliper. JTie results are the Mean ±. sem of 5 
mice. The Mean ± sem cf controls was 1.18 ± 0.09mm. Statisticd analysis hf Student's t- 
test, *P = 0.01 far ampariscn between MOdn pre - tr&Oment emd Control and post- 
treatment and Control; *P = 0.02 comparison between. Mdkm pre-treaiment / post- 
treaimmi; **P < 0.01 for comparison between CorOrdanAMaldn post-treatment, 
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CflnbDl MaMn^uoil 

Fig 11. Vte effect cfMakin mutton the Carragmt^ 

were injected ip with 50jjL cfMdIdn emu oil 7M animals were injected 3h hter in the hind 
footpad with 25jjl cf 1% Carrageemn, Control mice received PBS instead of oil. The 
swelling of 0te pmv zoos measured (^er 24h by did adliper. The results are the Mean ± sent 
of 5 mice. The Mean ± sem cf controls was 0.74 ± Ollmm. Statistical analysis by Student's 
t'4^t, P = 0.001 far comparison between Control and Mfi^n emu oil. 
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Fig 11, The effect ofMakin emu oU ptetreatmeni time on Cimageemn-induced paw oejAema. 
Mice were injected ip with 50 fd of either Maldn emu oil or PBS Ik, 3h, or 5h before 
injecting the hind footpad wWi 2S/d cfal% solution ofCarrageenan in PBS. The swelling 
cf the paw was measured after 3h hy ditd cdUper. The results are the Mmi ± sem of 5 mice. 
The Mean ± sem ofconmJs was 0.7 ± 0.07 nrnL Statistical anedyais hy Dunnetffs test for 
multiple comparisons^ * P < OM for comparison between Control and Ih pre-treatment 
time xaithMidcin emu oH 
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Fig 13. The ofMakin mu oU prOraOtnent and jmst-treaimmt on ihe Qtrrageenan- 
induced jmo ir^kmmation. Mice were injected ip wiSi 1200 ofUaHn emu oU 3h h^e or 
Sh after chtdleng^ by injection cfl% Carmgeenan Mo ihe hindjbotpad. Control rrtke 
receiv&iPBS. TlKswelUngqf0iepawzBtamaimred(tfierZ&bydidcali^a^. The results 
are the Mean ± sent cf5 mice. The Mean * sem controls were 0.9 ± 0.17mm and 0,76:* 
0.13mm respectively. Statbtiaxl analysis by Student's t-test, = 0.04 for comparison 
between Makin emu ml pre/post-treatment; ** P -0.002 far comparison between Control 
and Makin emu oU pre-treatment; ***P =0.001 for comparison between Control and Makin 
emu oU post-treatment. 
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Rendering temperature 

Fig 14 The ^pBct (^temperature qfrendmng of emu ml on the Carrageenan-induced Unt 
response. Groups of mice were traded tmfh 120 fd of oil prepared in the Idboratory hf 
rendering fresh emu fid at 4KPC, 60PC or 8CPC respedio^, 3h prior to injection awift 25/^ 
ofl% Carrageenm in PBS into the Undfimtpad, Control mice received FBS. ThesioeUing 
of the footpad ows metsured after ZSu The results are ihe Mam ± $em ef4 mice. Tlw Mean 
± sem of controls vm 0.83 ± 0.07mm. Statistical analysis hy Dunneti^s test for multiple 
comparisons, *P < 0.01 for comparison between Contrd and Makin emu oU rendered at 
eCPCandWPC. 
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' Rendering fempeiBture 



Fig IS. The ^ectqj^rendenng temperature of earn (ajn^oducedintkelaharattvyon&te 
DTH response. Oils were prepared an tarn separate occashnsjrom an emu fat mixture 
sourced from both gut and back fit locations. Fresh emufia was heated at 4SPCpr 2h and 
the oil collected. The fat remaining was then re- heated at 6^C and further oil collected. The. 
process was repeated at 8(PC. Eadi fraction t^oil was tested on 0ie DTH response. Mice 
were immuttised loith SRBC mbcutaneously and Oten dhaOenged zoilk SBBC in the footpad 
f^ter 5 days. Three hours prior to dhanenge, the mice received ip ml rendered at 4fPC, 60PC 
or mC. Thereactionwa8measured24h(^dialkr^tr!/diiacidliper. Omtrais 
recetoed IZOfd of PBS. The data represent Mean ±sem of 8 mice. TheMean±sem increase 
in footpad swelling (^controls was 1.21 ± 0.17 mm. Statistical andysts by Dunnetfs test 
for multiple comparisons, *P< 0.01 far comparison between Control and Mdkbt emu oU 
rendered at 8(PC and 1O0>C. 
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Fig 16, Effect of ethanol extract of Makin emu oU on lympfwprotiferedion. To 50(il of 
purified T lymphocytes ( 4 xlO^ /ml ) was added an equal volume of ethanol extract of 
Mfikin emu oU to the indicated final amount {%) equivalent cf whole emu oil The cells were 
incubated at 37^C / 5% CO2 J humid (Omosphere for 30min before lOOiil of 5% AB serum 
or 2fig/iil PHA ( in 5% AB serum ) was added to the wells. The wells were then incubated 
at 37^cy 5% COzl humid atmosphere for 48 h Six hours prior to harvesting, cells were 
pulsed with liiCi qfmetkyl-^H'-thymidine. Incorporated radioactiviiif was measured using a 
counter. The proliferation stimulation index in controls (absence of emu oil epdract) tmis 
44. Statistical analysis by Dunmtt's test for multiple comparisons, * P < 0,01 Jbr. 
comparison between Control and test samples. 
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Fig 17. The effects cf rendering tempermire on the (nOi-iymphoproUferative ^eds cf emu oU 
preparedin the Jabtmtory.Oib were prepared heateiat 
4(yCfor 2h mi the da cotlected. The remamingfat was then heided at e(PC and further <nt 
collected. The process vm repeated 0t 8(PC. Bach fractim cfoU was BubjeOed to ethanol extractiim 
and then tested for anHrlymphoproUferative activity. To a volume cfSO/d of purified T lyrnphacyies 
at 4x1 was added an equal volume of the ethanol extract to give 1 % final of the whole emu oU 
equivalerit. The celh were incubated at 370C/S% COif humid atmosphere for 30min h^re 100^ 
5% AB serum or 2fig//il PHA ( in 5% AB serum) was added to the weHs. The wells were then 
incubated at B7^C/ 5% CO J humid atmosphere for 48k Six hours prior to haroesting, cells were 
pulsed wiih IpCi of methyl - -Oixfrnidine, Incorporated radioactivity was measured using a ^ 
counter. The proUferatum stimulation index in controls (absence of emu oil extract) was 147. 
Statistical analysis by DunneH's test for multiple comparisons, P < 0,01 for comparison betufeen 
Control and test samples. Comparison by Tukey-Kranter Test far multiple comparisons, 40C vs 
600C (P<0.001) and 40>C vs SOPC (P<0.001). 
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Fig 18. Comparison cfthe effbcts qfethmol soluble fractions from Maldn and G53 emu dU 
on hfmpfu^rol^erathn. Human peripheral "blood mmonudear leukocytes (MNL) were 
treated vHfk Ihe fractions (equivaJmi to 1% of whole oU) of these txvo tnlsfor 30 min and 
Oien stimulated wUh OteTcdl mitogen, phytohaemaggliainin CPHA). The ceOs were then 
ina4batedfin' afiirther 4S hand (he degree cffrol^aHmi assessed Ify measuring i/» 
amount of^H- ^tymidim incorporated. The resulis are mean ±sem of three experiments, 
the proliferation sthnula^ index in controls (absence cfemu oil extract) mis 121. 
Statistical analysis,* P < 0.01 hy DunneH's test far multiple comparisons for amparison 
between Control and Maldn emu oil. . 
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BgW. The ^ect ofe&tanol extract ofMaJdn emu oil on cytokine produetim hf T 
lymphocytes. A volume ofSOpl afix Kfi/nd cf puttied T lymphocytes vxis irmted mth 
500. cf 1% (v/o) of MOdn emu oU eihanol extract Jiff- SOmm, stimula^ xoifh lOOpl of 
liigfynl PHA in RPMI and incubated at 370C / 5% COzfbr 48h. The supematants toere 
cailectedimdtiw various qftoUnesnteasured by BUS A. Vie sthmdatfon index in controls 
(absence if emu oU extract) was 5.6. StaHstical analysis by Dunnet^s test for mulHple 
comparisons,* P < 0.01 fir comparisons between Control and test samples. 
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Fig 10, The effect cfeiJumol extract cfMaMn emu oU on production cf TNF by human 
monocyte. To Zx IC^ peripheral blood mononudaar cells xoas added lOOiil of medium 
containing Bte eadract to the indicated find amounts (% equivtdatt of whole emu ml) and 
I3ie cells incubated far BOmin at 37^ in an idm^here cfS% COz. The monocytes vxre 
sHmulated by the addition aflQOpl cflOOngfittl LPS in KPMland incubated at 379C/5% 
COzfuf 48h. The supernatant tvas collected and TNF measured hy EUSA The 
stimtdaiion index in controls (absence of emu <M extract) vm 8. 




• 
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FigZL Theeffi^tqfMMnemuaileffum^^ m adherence of neutrophSs to plastic 

surfaces. An aliquot afSOftl ofneutropMb (Sx Kfi/ml ) was treated witk SOfil of ahanol 
fraction at the indicated fiml amounts (%) equivcdeni of whole oil for 30min at 370C/5% 
COa on plates coated rvith autologous plasma. The cells were stimulated with TNF ( 125 
units /nil) for SOinin at 37^C/5% COz and non-adherent cells were washed three times 
with HBSS and adherent cells were stained with Fose Bengal The dbsorbance was read at 
570nm. The stintuhtion index in controls (absence cfemu oU extract) was 3. Statistiad 
analysis by Dunnett^s test for multiple comparisons, * P < 0,02 fi>r comparison between 
Control and 1% Maldn ethanol extract. 
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Fig 22. The ^eci qfMaJdn emu oU eihanol extract on adhesion (^neutrophils to HIIVECS. 
2 * 206 HUVECS in lOOpil were seeded in a 96 todl plate and cutturedfar 2 daifs at ST^C/- 
5% CO2. On the day of use the cells were washed three times with lOOfil HBSS. lOOfil of 
fresh BPML containing Ote ethanol extract (final ofl%, v/v whole oil equivalent) was 
added. Control wdh received eOianol ( 1% v/o ). The cells were incubated jbr Ui at 370C / 
5% CO2. Then PMA at find amceninOion t^lQ-^M in RPMI toith 20% AB serum was 
addedmdtncuiH!iiedjw^atS70C/5%CO2,Them^ 

vM HBSS and lOOpl ofmuitopWs atSx added and incubaiedfinr 30min at 370C. 
Non-adherent ceOs were toadied mOt HBSS and adherent cells were stained with Base 
Bengal and the absorbance read at 570nm. The sthntdation index in controk (in the 
absence of emu oil extract) was 4. StaiasHccd analysis hy paired t-test, *P< 0.05 jbr 
amtparism between Control and emu oil e&uxnol extract. 
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Fig 23. The effect of Makin emu otteihimol extract (mneutropMchemo^^ ZxlO^ 
neutrophils were treated vMh an etfual volume cfl% (v/v) Makin emu <M ethcmol extract 
for SOmin atBTOC/ 5% CO2. The cdb were centryug^ and resuspended at a density cf ijf 
4 xl(F/ml. An agetrose pMe zuassetup vMh (he fofbwing array in punched hole8:5nl 
DMSO (0.1% vfo ) toas added to the inner wetts, 5pl JMLP ( 4x10-7 M) was added to the 
outer wdlB and Spl tr&Oed or control neutrophib added to 0te centre u«2Zs and 0te platH 
incubated at 370C/5% COzfor 90 rtm. Migratim of the neutrophils towards fMLP 
containing welh was measured hy inverted microscope. The stimulation index In controls 
(in the absence of emu oil extract) was 4.4. Statistical analysis by student t-test, * P= 0.004 
for comparison hetmen Control and MaMn emu oH ethofwl extract, 
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Fig24. Bffea8oflB:0,lS:l(awlSila£<mlifmphocyUfn^^ Pur^ieiT ceOs or 

peripheral Wood trumonudear cdls (MNL) were preincubated vrifh 2QpM cf stearic acid 
(18K)h oleic add (18:la0) or Undleic add {lBa{!6)for 30 win ht^e bdng stimuJated vM. 
PHA/PMAfor Tlh. 6h b^bre the end offhe incuha&mpmod, celts were pulsed Mi ^H- 
thymidine. FolUnoing haroesHng, the radkadivity incorporated into DNA vm ddxmaned 
by liquid sdntiUation cottnting. Re$uUsare^enmns±semofSexperirneni9. A 
significant inhibition of T cell proliferation vms seen only with 18^a6. Statistkal analysis 
by Tukey-Kmner multiple amparison test, *P< 0,001 far comparison betwwifatb/ add 
and Omirvl far puffed TcelJs and MNL. The prol^entHonsiimdatim index in controls 
(fAsenae cf fatty adds) was 207. 
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Fig 25. The ^fiect afsemn on the MiMn ethamlJmcHon'induced inhtbiiim cf 



lymphoprolifsraHon. To SOjjl cfpur^d T lymphocytes (4 x l(fi/ml) was added an equal 
volume cf ethaml or %%(v/v) ethanol extract ofMaJdn emu oU made up either in RFMI 
1640 containing 5% AB serum or in the absence of serum. The cells were incubated at 
S70C/5% C02/hmiid atmosphere for 30 min, before 100 fi of 5% AB serum or Ifig/fH PHA 
(in5%AB$erum)wa$addedio1hewdl$. The mlU were then incubate at 37^C/S% 
COz/humid atmosphere for 48 h. Six hours prior to harvestmg, cells were pulsed with 
cfmethyl-^H-ihywidine. Incorporated radioactivity was measured Using a p counter. The. 
proliferation stimulation index of controls (absence of emu oil extract) was 141. Statistical 
analysis by Tukey-Kramer Multiple Comparisons Test* P < 0.001 for comparison between 
PHA Control and stimulated MaJdn ethanol extract minus AB serum. 
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Fig 26. The separatum of Makin ethanol extract TLC JOOpg of 180. or MOdn ethanol 
extract was spotted ori to a TLCphte and dried under a sirmnc^ The plate tvas then 
run in a solvent system (diethyl eOienhexanei^adal acetic add, €0:40:1, v/o)- Vie plate 
xvas attorned to dry and fften exposed to h vapour for ident^ioatioh of^ zones. 
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Fig 27. The preparatioe separation qfMaldn ethanol extract by TLC Total ethandl extract of 
JSAakmeum oil was spotted onto aWC 

then run in a solvent system (diefftjfi ^terdtexane:g1adal aceHc addj 60:40:1, vfo)- The 
■^htevmdikmedioAryaindl^^ 
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Fig 28. The i^ect cfTLC sepanded JracUans cfMOdn eQumd extract on 
lyntphoprol^enOicm. Uohtted VtpidftutHons ware dissdved at a amcentnOion cfZOn^/nil hi 
e&umol. To 100ml <f4Xl0s/ml lymphocytes xoas added SOnd of e&umol emu oU extract to a 
fimd concentration ofl% etpamlmt afiMe oil. Cdis were incubated for 30 imn in 
sy^C/SVo COz and then stmiOated mih 2fj^/ml PHAfor 48h. 6h prior to harueoting, 
cells were pulsed with IfiCi cf^H-1hi/midine. Cells were harvested and incorporated 
radioactivity measured by licpiid scintillation counting, lite proliferation stinmhUion 
index in controls (absence of emu oil extract) was 233. Statistical analysis by Tukey - 
Krtmer Multiple Qmparisom Test, *P< 0.001 for comparisons between Control and TLC 
firactiom. 
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Fig 29. The ^ect cfethanol insoluble emu oil fraction (EIF) pre-treatmeni and post 
treatment on &ie DTH response. Mice were injected ip zoifh IZOfi cfEJF either 4h h^bre 
(pre-ireaiment), or 3h afier (post treatment), chaUenge, Mice zoere dwHenged in the Und 
pm with SBBC 5 days t0er priming. Control mice received PBS, TheswdUngcfihepaw 
was measured i^Z^hy dud caUiper. The results are ^ Mean ±xmcf 5 rmce. The 
Mean ± sent cfcontrais vmlJ)± 0.08 mm. Statistical anah^ hy Dumett's test for 
Multiple Cjomparisons, *P< OJOSfbr comparisons hetween preriretdment Cantrci/ IBJF and 
post-treatment Control /EIB. 
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This International Searching Authority considers that there are multiple inventions and the claims therefore lack unity 
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1. Claims 1-15 relate to assays fro grading a substance so as to assess its anti-inflammatory activity. The assay can 
cither be an in vivo screening assay or an in vitro screening assay. The assay as a whole can be regarded as 
representing a first "special technical feature". 

2. Claims 16-20 relate to a pharmaceutical composition comprising emu oil or a biologically active extract or 
component thereof Emu oil is a well known oil and it has various uses. The composition as claimed in claim 16 is not 
limited to use in treatment or amelioration of the symptoms of T-cell mediated disease or neutrophil mediated disease 
in a mammal. As emu oil is well known there is no "special technical feature" in claim 16 ^ch could distinguish the 
conq>osition from flie prior art 

Qaims 21-25 relate to a method of treating or ameliorating the symptoms of a T-cell mediated disease or a neutrophil 
mediated disease in a mammal by administering emu oil. Claims 30 and 31 relate to the preparation of emu oil by 
heating the oil to a temperature of at least 40°C. A second "special technical feature" can be regarded as the 
preparation of emu oil for therapeutic use and a method of therapeutic use of emu oil. 

3. Claims 26*-29 relate to the use of an organic solvent to extract compounds having anti-inflammatory activity from a 
biologically active oil or fat wherein the organic solvent may be an alcohol. This represents a third "special technical 
feature". 

The claims are not linked by a special teclinical feature which is common to all independent claims nor is there 
evidence that the claims relate to the same inventive concept. Since the above-mentioned groups of claims do not share 
any of the technical features identified, a "technical relationship" between the inventions (as defined in PCT rule 13,2) 
does not exist. 

* It is to be noted that claim 26 is considered by this Intemational Searching Authority to be unsearchable. The scope 
of this particular claim is so broad that any search would be uneconomic. The claim encompasses the use of any 
organic solvent to extract compounds from any biologically active oil or fat, the extracted conqjounds having an anti- 
inflammatory property. 
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